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GENERAL INTRODUCTION 
Recently Morocco has emphasized its efforts in rainfed 
agriculture which concerns 94% of its cropped land. 
Furthermore, cereals constitute 60% of arable land and 85% of 
cultivated areas (Jouve, 1980). They account for 67% of the 
calories and 75% of the proteins in the population's daily 
diet (Groupe Strategic Alimentaire, 1984). However, in the 
last 60 years the production of cereal/capita has decreased 
drastically from 460 kg in 1930 to 230 kg in 1979 (Jouve, 
1980), even though total production has more than doubled 
because of an increase in area and improvement in yields. The 
yields went from 750 kg ha~^ in the 1940s to 980 kg ha"^ in 
the late '70s. Demand for cereals is expected to increase by 
2.5% per year so that by the year 2000, self-sufficiency will 
be 51%, instead of 73% in 1980 (Crawford and Purvis, 1986). 
Morocco claims self-sufficiency in cereals while 
importation reaches 25% of the country's needs. The gap 
between demand for cereals and the capacity of the country to 
satisfy it is widening under the combined influences of 
population growth and an increasing requirement for animal 
products, which,- in turn, are largely dependent on the 
consumption of straw and feed grain. 
Semi-arid and arid regions (200 - 400 mm rainfall/year) 
should participate in the objective of self-sufficiency; yet, 
they concern 87% of arable land, comprise 59% of land reserved 
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to cereals and produce 55% of the country's total cereal 
production (Tables 1 and 2). Indeed, 73% of barley, 47% of 
wheat, and 80% of maize are grown in the semi-arid and arid 
areas. In terms of production, 70% of barley and 40% of wheat 
are produced in the same areas (Table 2). Another aspect 
which emphasizes their importance in the Moroccan economy is 
the fact that 54% of the population lives in these areas 
(Table 1). 
These areas with a Mediterranean type climate lie in the 
northeast (High plateau, Moulouya Valley), the central-west 
(Casablanca-Beni Mellal-Marrakech-Essaouira) and in the 
southwest in the Souss region near Agadir. All together they 
cover an area of 19,128,000 ha or 27% of the whole country and 
6,947,000 ha of arable land. 
Nevertheless, the arid and semi-arid regions face severe 
water deficits. Average annual rainfall is limited and highly 
erratic in amount (200 - 400 mm) as well as in distribution 
within the year and from region to region (Watts and ElMourid, 
1988). These regions are characterized by 1) a high risk of 
drought occurrence over years. In the last 50 years, Morocco 
has experienced four cycles or 11 years of drought (Lahlou, 
1986), and the most drastic drought ever faced was from 1980 
to 1985. During these five years of drought, average rainfall 
deficits or departure from average rainfall varied from 20 to 
51% depending on- the years and regions, with extremes of 85% 
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Table 1. Area and population: relative importance of 
arid and semi-arid regions of Morocco. Adapted from 
MARA/FAO, 1986; and MARA/FAO, 1982 
Whole 
Country 
Total arid 
and semi-
arid regions 
West-central 
arid and semi-
arid areas 
(Dryland Project 
Zone) 
Total area 
1000 ha 70,059 
% 100 
Arable land 
1000 ha 7,996 
% 100 
Cereals area 
1000 ha 4,731 
% 100 
Food legumes 
area,1000 ha 427 
% 100 
Fallow, 1000 ha 1,930 
% 100 
Population 
in 1982 
% 100 
19,128 
27^(100)^ 
6,947 
87 (100) 
2,784 
59 (100) 
81 
19 (100) 
1,378 
71 (100) 
20,419,555 11,035,501 
54 (100) 
6,813 
10 (35) 
3,650 
46 (53) 
2,322 
49 (83) 
74 
17 (91) 
911 
47 (66) 
7,905,205 
39 (72) 
As percent of the whole country. 
As percent of the arid and semi-arid areas. 
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Table 2. Average cereal production of the arid and semi-arid 
areas of Morocco. Adapted from Amine (1986) and 
MARA/FAO (1982) 
Whole 
Country 
Total arid 
and semi-
arid regions 
West-central 
arid and semi-
arid areas 
(Dryland Project 
Zone) 
Bread wheat 
% 
Durum wheat 
% 
Barley 
% 
Maize 
% 
Total 
% 
1000 metric tons 
400 161 
100 40^(100)^ 
1,331 495 
100 37 (100) 
2,098 1,456 
100 69 (100) 
332 124 
100 37 (100) 
4,273 2,348 
100 55 (100) 
145 
36 (90) 
463 
35 (94) 
1,345 
64 (92) 
123 
37 (99) 
2,076 
49 (88) 
®As percent of the whole country. 
^As percent of the arid and semi-arid areas. 
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in 1982-83 and 1983-84 cropping seasons (Belkheir et al., 
1987) ; Nicholson and Wigley (1984) showed that 1) when 
droughts occur in Morocco, they tend to affect quite wide 
areas; 2) a long period of drought during summer with no rain 
from the end of May to October; 3) an occurrence of drought 
during the last part of the growing season (March - April), 
and an erratic drought at the beginning of the cropping season 
(November to January), where short term seasonal lack of 
moisture is common (Watts and ElMourid, 1988; Wigley and 
Nicholson, 1984). The temperature regime with high 
temperatures during cereal grain-filling (Mekni and ElMourid, 
1987), high evaporative demand and shallow calcareous soils 
(more than 80%) aggravate the lack of soil moisture. Indeed 
each growth stage can face a more or less severe water stress. 
With all these environmental characteristics, the cereal 
yields are very low and highly irregular, 500 kg ha"^ to 1200 
kg ha~^ (Jouve, 1980; MARA/FAO, 1982; Crawford and Purvis, 
1986) and years of marginal crop production are quite common. 
Agriculture is an old tradition in Moroccan arid and 
semi-arid regions. Farming systems are complex and 
heterogeneous. Cropping is combined with livestock 
production, primarily sheep and goats. The livestock 
component is well inserted into the system and plays an 
important role as insurance and bank for the farmer. Dry 
farming techniques of growing cereal crops have been developed 
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and practiced for centuries. Cereals constitute the main crop 
and are grown In rotation with fallow, food legumes and maize. 
Barley dominates in areas receiving less than 300 mm (Gibbon, 
1981). Techniques for producing cereal crops consist of 
waiting for the first rain before planting in order to destroy 
weeds. Seed is broadcasted and covered by an animal-drawn 
wood plow or by an off-set disk plow, so that seed is 
distributed at various depths through the soil. Rates of 
seeding range from 150 to 250 kg ha"^ for both barley and 
wheat. Fertilizers are rarely used and most applications are 
inadequate for the crops' needs. Weeds are left to grow, then 
hand pulled and fed to livestock. Cultlvars used are 
susceptible to foliar diseases (septoria, rusts, 
helminthosporlum) and pests, essentially hessian fly 
fMavetlola destructor Say.). 
After harvest, straw is stored for winter and stubble is 
grazed to dust by livestock through the dry summer. Some 
barley is grazed during early growth. The most used tool for 
seed bed preparation is the off-set disk plow commonly called 
"cover crop", and mechanization that is well adapted for more 
favorable rainfall areas is frequently inappropriate for 
semi-arid dryland conditions, because it wastes scarce 
moisture. This is to say that crop production in general and 
cereal production specifically is a precarious business in the 
arid and semi-arid areas and the risk is Inherently great. 
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Within this context, the agricultural research scientist 
facing the same climatic constraints as the farmer, is obliged 
to develop and test technology over a longer period of time 
than is required in more favorable areas, in order to be 
assured that recommended practices will be both productive and 
economically viable. 
The potential of increasing cereal production in these 
areas does exist and presently it is far from being realized. 
Yields of 2,000 to 2,500 kg ha~^ are possible in more 
favorable regions (300 - 400 mm) and up to 1,500 kg ha~^ in 
the areas receiving 200 to 300 mm rainfall per year (MARA/FAO, 
1982) by employing only the technology already available. 
Even though this might be argued and questioned as Crawford 
and Purvis (1986) did, there is already a strong indication 
that the potential for improvement in crop production is real, 
and that sustained progress can be made in identifying and 
solving problems that limit production (INRA/MIAC, 1987a, 
1987b, 1986). 
Crop production objectives in these drought-prone regions 
are to improve and stabilize yields through selection of 
species, and cultivars and cultural practices that will reduce 
yield fluctuations and permit stable production. The emphasis 
should be placed on the interrelationships of environment and 
soil and crop management factors on crop productivity, which 
are limited not only by low and uncertain rainfall, but also 
8 
by high extreme temperatures and shallow soils. Privileged 
means of reducing these stresses are the application of sound 
agronomic practices as well as modification of cultivars 
(Harris et al., 1987). Many interesting reviews on ways to 
understand, improve, and stabilize crop production in moisture 
limiting environments are available (Evans, 1987; Fisher, 
1981, 1985; Cooper et al., 1987; Harris et al., 1987). These 
reviews pinpoint strategies for increasing and stabilizing 
crop yield. They mainly involve 1) evaluation of 
genotypes-environment interactions, 2) soil and water 
conservation through appropriate soil and crop management 
systems; 3) water use and water use efficiency; and finally 4) 
better understanding of yield processes and determination in 
relation to phenological stages, agronomic practices, and 
environment. Hence, one can infer that all breeding programs 
and improved agronomic practices should claim the efficient 
use of the limiting resource, water, by avoiding its waste, by 
improving the capacity of soil water storage and the choice of 
crops which are best adapted to these conditions, as well as 
the agrotechnical practices that lead toward increased soil 
moisture availability for crops. In other words, the task is 
to devise very efficient water-use cultural practices and 
highly efficient crops and cultivars. Using the available 
water more efficiently may mean fewer crop failures and 
thereby stabilize yields. To achieve this, Morocco, through 
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the Institut National de la Recherche Agronomique (INRA), with 
U. S. Agency for International Development (USAID), have 
implemented a "Dryland Farming Applied Research project" with 
the technical assistance of MidAmerica International 
Agriculture Consortium (MIAC) (Campbell et al., 1977). This 
project concerns the west-central arid and semi-arid areas of 
Morocco, with 3,650,000 ha of arable land (Table 1). 
The research presented herein was done within this 
project and is devoted to understanding cereal crop 
interactions with the environment under semi-arid and arid 
conditions; i.e., study the reaction of small grain cereals 
(bread wheat, durum wheat, and barley) to varying moisture 
environments. Three areas of research have been covered: 
1) Determine if the leaf content of 1-(malonyl-
amino)cyclopropane-carboxylic acid (MACC) conjugate 
is a summation measurement of past moisture damage 
to cereal crops. 
2) Study quantitative aspects of moisture stress using 
a line-source irrigation system with various 
varietal sources of variation; cultivars studied 
vary in potential vegetative size, earliness to 
heading, and yield potential. This study will 
indicate if cultivars vary in their mechanisms of 
adapting to drought conditions. 
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3) Evaluate cultural practices and genetic materials 
which use soil moisture differently through a 
validation of a wheat crop model. 
Such research will enable the release of valuable 
scientific information, first to provide breeders with quick 
and reliable criteria to develop resistant cultivars that 
yield well over a wide range of moisture conditions and second 
to provide agronomists with principles for adjusting practices 
to fit crop needs. The objectives were to increase and/or 
stabilize cereal yields in semi-arid and arid regions of 
Morocco. The specific objectives are: 1) to evaluate the 
yield potential of existing cereal cultivars under drought 
stress; 2) to understand how different cultivars behave under 
water stress and how they adapt to dryland conditions; 3) how 
to manage different cultivars with varying available moisture. 
To reach these objectives several experiments were 
conducted: 
1. Three experiments were conducted at Iowa State 
University, U.S., in controlled environments 
(greenhouse and growth chamber) during the summers 
of 1984 and 1985. Levels of water stress were 
applied to four cultivars during stem elongation, 
i.e., bread wheat - 'Nasma'; durum wheat - 'Cocorit' 
and •Keyperounda•; and barley - 'Arig 8'. 
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2. An experiment using the line source irrigation 
system (gradient irrigation) where seven cultivars 
were selected: three bread wheats ('Potam', Nasma 
and 'Florelle*), two durum wheats (Cocorit and 
Keyperounda), two barleys (six-rowed Arig 8 and 
two-rowed 'ACSAD 60'). This experiment was 
conducted for two years in Settat (33° N Lat), 
Morocco. 
3. A factorial experiment combining planting dates, 
(early, late), genotype maturity (early, late), 
nitrogen fertilization and finally, irrigation 
(irrigated, intermediate-irrigation, and dryland) 
was conducted for two years at two sites, Settat 
(33* N Lat) and Jemaa Shaim (32.2° N Lat), Morocco 
The results are presented as: 
Paper 1: 1-(Malonylamino)cyclopropane-l-Carboxylic 
Acid (MACC) accumulation in water-stressed 
wheat and barley cultivars and its use as 
stress history index. 
Paper 2: Performance of wheat and barley cultivars 
under different soil moisture regimes in a 
semi-arid region. 
I. Grain yield stability, grain yield and 
yield-components relationships. 
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Paper 3; Performance of wheat and barley cultivars 
under different soil moisture regimes in a 
semi-arid region. 
II. Water use efficiency, growth efficiency, 
and water relationships. 
Paper 4: Testing and validating of a wheat crop model 
in a semi-arid region. 
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PAPER I. 1-(MALONYLAMINO)CYCLOPROPANE-l-CARBOXYLIC ACID 
(MACC)ACCUMULATION IN WATER-STRESSED WHEAT AND 
BARLEY CULTIVARS, AND ITS USE AS A STRESS HISTORY 
INDEX 
14 
INTRODUCTION 
Considerable research has been directed toward solutes 
that accumulate in association with water stress, yet water 
stress induces numerous metabolic irregularities in plants 
(Blum, 1984; Kramer, 1983; Hanson and Hitz, 1982). Products 
most studied are hormones such as abscisic acid (ABA) 
(Quarrie, 1982; Aspinall, 1980; Kirkham, 1983) and ethylene 
with its precursor 1-aminocyclopropane-l-carboxylic acid 
(ACC) (Yang and Hoffman, 1984; Yang et al., 1982), as well 
as amino acids (Stewart and Larher, 1980) and nitrogenous 
compounds, essentially betaines (Ladyman et al., 1983; Hitz 
et al., 1982; Hanson and Nelson, 1979) and proline (Hanson 
et al., 1979; Stewart, 1981). They are considered by many 
workers, even though questioned by others, as reliable 
indicators of resistance to water stress or at least as 
indicators of previous water stress (Stewart.and Hanson, 
1980; Shevyakova, 1983; Aspinall, 1980). Furthermore, 
simple methods for chemical determination are being 
researched and developed (Bates, 1973; Stumpf, 1984; Lizada 
and Yang, 1979; Liu et al., 1985; Hoffman et al., 1983a, 
1983b). 
Accumulation of ethylene in different organs in higher 
plants in response to water stress has been demonstrated 
(Yang and Hoffman, 1984; Yang, 1985; Yang et al., 1982; 
McKeon et al., 1982; Wright, 1980; Hoffman et al., 1982; 
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Amrhein et al., 1982; Rose, 1985; Apelbaum and Yang, 1981). 
Ethylene increases rapidly with stress and reaches a peak 
within several hours, but upon stress relief it decreases 
rapidly, ultimately returning to its level within 24 hours 
(Yang and Hoffman, 1984). Ethylene biosynthesis is mediated 
by ACC through the pathway: 
methionine > SAM^ ——> ACC > ethylene 
(Yang, 1984; Adams and Yang, 1979; Lurssen and Naumarin, 
1979; Yang, 1985). Ethylene production from ACC is probably 
a defensive measure against stress (Apelbaum and Yang, 
1981), but plants decrease ACC levels by detoxification of 
ACC forming a conjugate with malonic acid; i.e., MACC 
(Amrhein et al., 1981; Amrhein et al., 1982; Amrhein et al., 
1984; Hoffman et al., 1983a; Hoffman et al., 1983b; Jiao et 
al., 1986). 
The formation of MACC in higher plants has been 
unequivocally identified in buckwheat hypocotyls (Amrhein et 
al., 1981), wheat leaves (Hoffman et al., 1983a), 
germinating peanut seeds (Hoffman et al., 1983b), pea plants 
(Fuhrer and Fuhrer-Fries, 1985), tobacco leaves 
(Philosoph-Hadas et al., 1985), cocklebur seeds (Satoh and 
Esashi, 1984) and in tomato fruits (Liu et al., 1985). The 
enzyme responsible for this process (malonyltransferase) is 
^SAM = S-adenosyl methionine; ACC = 1-aminocyclopropane-
1-carboxylic acid; MACC = l-(malonlamino)cyclopropane-1-
carboxylic acid. 
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constitutive and widespread (Liu et al., 1985, Amrhein and 
Kionka, 1983). Furthermore, MACC accumulates under water 
stress and Hoffman et al. (1983a) showed a positive 
correlation between levels of MACC and severity of water 
stress in excised wheat leaves. Moreover, the malonylation 
of ACC plays an important physiological and biochemical role 
by lowering the level of free ACC and thereby regulating 
ethylene biosynthesis (Yang and Hoffman, 1984; Jiao et al., 
1986? Amrhein et al., 1984). 
The discovery of ACC as the key intermediate in the 
pathway of ethylene biosynthesis (Yang, 1980) and its 
conjugate, MACC, has opened the door for many studies that 
have a high potential for practical application. Most of 
the studies on MACC have shown it as a stable end product 
not appreciably metabolized. This is in contrast to proline 
and other compounds indicative of water stress which disap­
pear with stress alleviation (Yang and Hoffman, 1984). This 
suggests that MACC can be considered as a good indicator of 
the stress history in the detached wheat leaf system 
(Hoffman et al., 1983a) and is not an effective precursor of 
ethylene in germinating peanut seed tissue (Hoffman et al., 
1983b). Amrhein et al. (1982) concluded, 
... it should be confirmed that the turnover of 
MACC is generally low or does not exist at all, 
the level of MACC in a tissue may serve as an 
indicator of its previous stress history and its 
formation may serve as a safety valve to dissipate 
excess ACC .... 
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However, recently Jiao et al. (1986) reported that under 
certain conditions; i.e., very high levels of MACC in plant 
tissue, the ACC conjugate can be converted to ethylene to 
some extent. 
The objectives of this research were to determine if 
MACC accumulates under water stress in Moroccan wheat 
fTriticum aestivum L. and Triticum durum Desf.) and barley 
(Hordeum vulaare L.) cultivars; if there were differences 
between species and cultivars in accumulating MACC under 
different moisture regimes; and finally, if the quantity of 
MACC can be used as a measure of previous moisture stress 
history of the whole plant system; i.e., to evaluate the 
relationship of MACC accumulation with water stress and 
after water stress relief. 
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MATERIALS AND METHODS 
Three experiments were conducted in controlled 
environments in Ames, Iowa, U.S. during the summers of 1984 
and 1985. 
Experiment 1 
One bread wheat (Triticum aestivum L. cv. Nasma), two 
durum wheats (Triticum durum Desf. cv. Keyperounda and cv. 
Cocorit), and one barley fHordeum vulaare L. cv. Arig 8) 
were grown in a greenhouse without supplemental lighting 
during the summer of 1984. Fifteen grains per pot were 
planted, with pot height of 22 cm, inner upper diameter of 
21.5 cm, inner lower diameter of 18 cm, and total volume of 
522 cm^. The pots were filled to 17 cm height with a 
mixture of soil and sand 2/1 v;v). The soil mixture had the 
following hydraulic characteristics; field capacity = 25.6 
cm^/cm^; Pp = 14.8 cm^/cm^; and bulk density = 1.42. 
Fertilizer was mixed into soil: 60-100-30 kg ha"^ of 
N-PjOg-KgO. Plants were allowed to grow without any water 
stress until mid-stem elongation. Then they were 
transferred to a growth chamber with 12 hours photoperiod, 
20/15 *C day/night temperature regime and relative humidity 
(RH) varied from 50 to 70%. Plants were allowed to adjust 
to this new environment for two days. Thereafter two 
moisture regimes were applied; = nonstress, the plants 
were watered to field capacity every day; Rg = withhold 
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water for four days, rewater and withhold water again for 
three days. The experimental design was a randomized 
complete block (RCBD) with three replications. 
Predawn and midday (1200 h local time) leaf water 
potentials were measured using the pressure chamber 
technique (Scholander et al., 1965; Turner, 1981) on three 
uppermost developed leaves. Stomatal conductance was 
determined on both sides of uppermost leaf with a steady 
state porometer LI-1600 (Li-Cor, Inc. Lincoln, NE., USA)^. 
Relative water content (RWC)^ was determined using 10 leaf 
discs from the same leaves used to determine leaf water 
potential (Barrs and Weatherly, 1962; Slayter and Barrs, 
1965). MACC was determined on 2 grams of leaves as describ­
ed below. Leaf water potentials and porometer measurements 
were taken three times; before starting treatments, at the 
4th day and 8th day of moisture regimes application. The 
RWC and MACC were measured only on the 8th day. 
MACC Determination 
Samples of 2 g of fresh leaves were ground in two times 
volume of 80% ethanol and extracted at 70C for 3 hours. The 
2 Use of commercial product name does not imply 
endorsement over similar products by the authors. 
\wc = Fresh weight - drv weight y -«n 
Saturated weight - dry weight 
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homogenate was centrifugea and the supernate concentrated in 
vacuum at 38 'C. Four ml of distilled water was added to 
the concentrate, and 2 ml of aqueous extract were passed 
through an ion exchange resin Dowex 50 form), which 
retains amino acids including ACC, and the effluent 
containing MACC was hydrolyzed in 2 N HCl at lOOC for 3 
hours to liberate ACC (Hoffman et ai., 1982). Following 
neutralization with NaOH, the resulting hydrolysate was 
assayed for ACC as described by Lizada and Yang (1979), and 
this ACC was regarded as MACC content. Ethylene concen­
tration was determined on a gas chromatograph equipped with 
an alumina column (Poropack) and a flame ionization 
detector. The temperature program was 80 "C for oven 
temperature, 130 "C for ion detector, and 100 "C for 
injection. The other characteristics were; air flow = 110 
ml/mn; Hg flow =30 ml/mn, and helium (carrier) flow =30 
ml/mn. 
Experiment 2 
The experiment was started as in Experiment 1 until the 
mid-stem elongation stage. Thereafter four moisture regimes 
were applied in the greenhouse during the summer of 1985 
(Table 1). 
= No water stress; plants watered at field 
capacity daily. 
Rg = Withhold water for 2 days and rewater as in R^. 
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Rg = Withhold water for two days, rewater, withhold 
water for 2 days, rewater, and withhold water 
for 2 days. 
= Withhold water for 4 days, then rewater as in 
Rl-
The experiment design was randomized complete block 
with three replications. Predawn and midday water 
potentials and stomatal conductance were determined as in 
Experiment 1 three times (Table 1). The RWC was measured 
only once as in Experiment 1 and MACC twice at the end of 
the treatment applications and 2 weeks later to see if its 
level were maintained in the leaves. Stem heights of 10 
tillers were also measured. 
Experiment 3 
This experiment was similar to Experiment 2. The same 
moisture regimes were applied to plants but in a growth 
chamber as in Experiment 1, using a RCBD. The MACC was 
measured at the 8th day after stress application, as 
described above. 
Data Analysis 
All data from 1985 were analyzed separately for each 
date using the LMGLH procedure of the System for Statistics 
(SYSTAT) (Wilkinson, 1986). Treatment means were compared 
using contrast analysis. For the 1984 experiment, data were 
analyzed using the TurboStat procedure (a data management. 
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Table 1. Treatments and measurements chart for Experiment 2 
«1 ^2 ^3 ^4 Measurements 
5/31/85 W w w w 
6/01/85 W s s s 
6/02/85 w s s s 
< Measurement 1 
G(s) 
6/03/85 w w w s 
6/04/85 w w s s 
< Measurement 2 
G(s) 
6/05/85 w w s w ' 
6/06/85 w w w w 
6/07/85 w w s w 
6/08/85 w w s w 
< Measurement 3 
G(s), RWC, 
MACC 
6/09/85 w w w w 
6/09 to 
6/22/85 w w w w < Measurement 4 
MACC 
Legend W : Watering. 
S : Withhold water. 
il> : Leaf water potential. 
G(s) : Stomatal conductance. 
RWC : Relative water content. 
MACC ; Malonyl-Amino cyclopropane-carboxylic acid. 
23 
statistics, and graphics system, Dept. of Agronomy, Oklahoma 
State University, 1986). LSDs were used to compare 
treatment means. 
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RESULTS 
Water Stress Establishment 
1985 Experiments! Experiments 2 and 3 
Predawn leaf water potentials (P^) for the three 
measurements ranged from -0.10 MPa to -3.62 MPa, whereas, 
the midday leaf water potentials (M#) ranged from -1.02 MPa 
to -3.90 MPa (Table 2). Low values were obtained under 
stress regimes, indicating that both wheat and barley plants 
were severely stressed under treatments Rg and R^. This is 
confirmed by RWC measurements, which ranged from 64% with 
unwatered treatments to 91% with the watered regimes. 
Stomatal conductances G(s) varied, but decreased drastically 
with water stress severity. However, after alleviation of 
water stress by rewatering, P^, M^, RWC, and G(s) increased 
to the level of watered regimes (R^^ and/or Rg) • 
When comparing cultivars (Table 2), the most striking 
differences are obtained between barley and wheat cultivars 
as shown by the contrast which is highly significant, 
meanwhile wheat cultivars showed almost the same behavior 
under different moisture regimes (C^ contrast). Nasma and 
Arig 8 always behaved differently. Surprisingly, the two 
durum wheat cultivars, i.e., Keyperounda and Cocorit, showed 
the same behavior under different moisture conditions. 
This is illustrated by the contrast Cg which was significant 
Table 2. PTJ>, Hi>, G(s), RWC, and stem height of four cereal cultivars under four 
moisture regimes as defined in Table 1. Measurements were taken on three 
dates (after 2, 5, and 8 days of water stress). Greenhouse experiment, 
1985 
Culti- P^l PiA2 P^3 Ml6l Ml&2 M03 G(s)l G(s)2 G(s)3 STH 
var —————————————T——MPa——————————— ————ms — —m— 
Nasma 
Coco-
rit 
Keyper-
ounda 
Arig 8 
R1 
H
 
H
 
H
 
0
 
1 
-0. 25 -0. 37 -1. 02 -1. 17 -0. 95 0. 0144 0. 0217 0. 0112 0. 79 
R2 -0.24 -0. 16 -0. 27 -1. 57 -1. 13 -1. 33 0. 0016 0. 0169 0. 0118 0. 78 
R3 -0.36 -0. 19 -0. 77 -1. 24 -1. 04 -2. 37 0. 0038 0. 0168 0. 0011 0. 73 
R4 -0.33 -2. 76 -0. 34 -1. 67 -3. 42 -1. 02 0. 0025 0. 0069 0. 0087 0. 53 
R1 -0.34 -0. 05 -0. 49 -1. 23 -1. 07 -1. 11 0. 0134 0. 0186 0. 0103 0. 56 
R2 -0.28 -0. 21 -0. 41 -1. 40 -1. 40 -1. 16 0. 0064 0. 0211 0. 0110 0. 61 
R3 -0.29 -0. 10 -0. 60 -1. 14 -1. 22 -2. 34 0. 0041 0. 0091 0. 0012 0. 53 
R4 -0.41 -2. 83 -0. 41 -1. 72 -3. 86 -1. 02 0. 0085 0. 0006 0. 0109 0. 47 
R1 -0.22 -0. 11 -0. 60 -1. 23 -1. 31 -1. 11 0. 0115 0. 0215 0. 0109 0. 85 
R2 -0.28 -0. 32 -0. 54 -1. 46 -1. 43 -1. 28 0. 0037 0. 0149 0. 0117 0. 75 
R3 -0.29 -0. 14 -1. 04 -1. 49 -1. 28 -2. 37 0. 0017 0. 0145 0. 0024 0. 63 
R4 -0.29 —2. 41 -1. 36 -1. 49 -3. 16 -1. 36 0. 0025 p. 0010 0. 0137 0. 65 
R1 -0.36 -0. 53 -0. 42 -1. 14 -1. 92 -1. 81 0. 0101 0. 0100 0. 0038 0. 70 
R2 -0.36 -0. 43 -0. 42 -1. 76 -1. 69 -1. 82 0. 0015 0. 0102 0. 0059 0. 71 
R3 -0.72 -0. 38 -1. 79 -2. 03 -1. 83 -3. 01 0. 0009 0. 0091 0. 0013 0. 66 
R4 -0.90 -3. 62 -0. 65 —2. 17 -3. 90 -1. 44 0. 0011 0. 0002 0. 0033 0. 50 
SE -0.069 -0.122 -0.088 -0.126 -0.117 -0.147 0.0009 0.0012 0.0009 0.01! 
Cl ** * ** * ** ** NS ** ** ** 
C2 NS NS * NS NS NS ** NS NS ** 
C3 ** ** ** ** ** ** ** ** ** NS 
C4 NS NS NS NS NS NS NS * NS ** 
C5 NS . ** NS ** ** NS ** ** NS ** 
C6 NS NS ** NS NS ** NS * ** ** 
07 NS ** ** NS ** ** NS ** ** ** 
08 NS NS NS * NS NS ** NS NS NS 
09 * ** * ** ** ** ** ** * ** 
010 NS ** ** * ** ** ** ** ** ** 
Interactions ** ** NS * ** ** ** ** ** ** 
*, **: Significant at 0.05 and 0.01 probability levels, respectively. 
NS : Nonsignificant. 
Contrasts definitions; CI = Nasma vs. Arig 8. 
C2 = Cocorit vs. Keyperounds. 
03 = Wheat vs. barley. 
C4 = Durum wheat vs. bread wheat. 
C5 = (R1 + R2) vs. R4. 
C6 = R2 vs. R3. 
C7 = R3 VS. R4. 
C8 = R1 VS. R2. 
C9 = R1 VS. (R2 + R3 + R4). 
CIO = (R1 + R2) VS. (R3 + R4). 
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only for stem height. These two cultivars have different 
phenological and morphological characteristics. 
Keyperounda, an old cultivar, is tall, long-leaved, and 
late-heading, whereas Cocorit is a short cultivar, 
short-leaved and medium-heading. 
Arig 8 had lower leaf water potentials as well as lower 
stomatal conductances when compared to wheat cultivars: 2 
or 3 folds less for conductances and 40-50% lower leaf water 
potentials. However, it recovered to higher values when 
stress was alleviated. The moisture regimes applied, to 
R4» gave highly significant effects as shown by contrasts Cg 
to C^Q and essentially Cg and which compare respectively 
unstressed to stressed or unstressed and mild stress to 
severely stressed treatments. These results show that in 
the conditions of this experiment, 2 days withholding of 
water is a mild stress, and the plants recovered very well 
as shown by PW, MW, RWC, G(s) and stem heights. On the 
other hand, (2+2) or R^ (4 continuous days of stress) 
severely affected the plants. The highly significant 
interaction effects are essentially due. to the different 
behaviors of barley and wheat. 
Experiment 1: 1984 
Even though the values are different from 1985, the 
same conclusions hold. The stress treatments were very 
severe as shown by predawn leaf water potentials of -2.65 
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MPa to -3.59 MPa, RWC of 43 to 67%) and stomatal 
conductances of 0.0009 to 0.0014 ins~^ measured on the 8th 
day of stress application (Table 3). 
MACC Accumulation 
In all of the experiments, MACC accumulated in all 
cultivars under different moisture regimes. However, the 
quantities accumulated under stress regimes were higher by 
1.4 to 5 folds than the quantities observed with unstressed 
plants, depending on water stress severity and experiment 
(Table 4). Although differences between experiments 
existed, there was a constancy in MACC accumulation as water 
stress increased. The quantities of MACC observed ranged 
from 240 n mol g~^ FW for Nasma watered to 4880 n mol g~^ FW 
for Keyperounda under regime (Table 5). 
The cultivars studied herein accumulated MACC 
differently. Durum wheat accumulated higher amounts of MACC 
than bread wheat cultivar Nasma or barley Arig 8. In the 
1985 experiments (Table 5), the cultivar averages were 2027, 
1653, 1240 and 1193 n mol g~^FW for Keyperounda, Cocorit, 
Nasma, and Arig, respectively. Meanwhile, in the 1984 
experiment (Table 3), the values were 2160 n mol g"^ FW, 
1520, 1440, and 1080 n mol g~^ FW for Keyperounda, Arig 8, 
Cocorit, and Nasma, respectively. 
Table 3. Predawn leaf water potential (PiJ), midday leaf water potential (M#), 
stomatal conductance (G(s)), relative water content (RWC) and MACC of 
leaves of small grain cereals under watered (W) and stress (S) conditions. 
Measurements taken the 8th day of treatment application, 1984 
MACC 
Mjt G/s^ms'^ RWC % n mol FW 
(MPa) 
W S W 
(MPa) 
S W S W S W S 
Nasma -0.34 -3.59 -1.25 -3.21 0 .0096 0.0014 89 67 720 1440 
Cocorit -0.49 -3.49 -1.61 -3.90 0 .0055 0.0008 85 43 880 2000 
Keyperounda —0.36 —2.65 -1.15 -3.52 0 .0061 0.0012 89 59 720 3600 
Arig 8 -0.89 -3.24 -1.57 -3.80 0 .0052 0.0009 84 63 560 2480 
LSD (0.05) 0.247 0. 709 0.00185 16. 59 936.00 
LSD (0.01) 0.342 0. 984 0.00257 23. 03 1296.00 
CV -7.48 -16. 18 27.42 13. 10 24.49 
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Table 4. MACC accumulation in % of watered (unstressed) 
regime, 1985 average of three measurements, 1984 
one measurement 
1985 1984 
Rl R2 ^3 ^4 W S 
Nasma 100 132 164 203 100 200 
Cocorit 100 159 133 244 100 200 
Keyperounda 100 226 237 237 100 497 
Arig 8 100 210 265 320 100 447 
Table 5. MACC levels in leaves of four small grain cereal cultivars under four 
moisture regimes, greenhouse 1985 (HACC^, MACCg) and growth chamber, 1985 
(MACC3) 
1 2 3 4 5 
MACC, MACCg 1+2 MACCj 1+2+4 
2 3 
n mol g"' FW 
Nasma R1 1120 240 680 1120 827 
R2 960 480 720 1840 1093 
R3 2480 560 1520 1040 1360 
R4 1680 880 1280 2480 1680 
Cocorit R1 1680 480 1080 960 1040 
R2 2640 800 1720 1520 1653 
R3 2400 880 1640 880 1387 
R4 4880 800 2840 1920 2533 
Keyperounda R1 1280 640 960 1120 1013 
R2 3120 1840 2480 1920 2293 
R3 2960 1920 2440 2320 2400 
R4 2960 2240 2600 2000 2400 
Arig 8 R1 560 640 600 400 553 
R2 1360 640 1000 1360 1120 
R3 1520 800 1160 1920 1413 
R4 2320 800 1560 2000 1707 
S.E. 267 84 176 84 145 
CI — — — * — 
C2 - ** - ** -
C3 * * - * -
C4 ** ** - - -
C5 ** ** - ** -
C6 - - - - -
C7 - - - ** -
C8 * ** - ** 
C9 ** ** - ** -
CIO ** ** ** 
w 
to 
Malonyl-amino-cyclopropane-carboxylic acid. 
Significant at 0.05 probability level. 
Significant at 0.01 probability level. 
MACC 
* 
** 
Contrasts definitions; CI = Nasma vs. Arig 8. 
C2 Cocorit vs. Keyperounda. 
C3 = Wheat vs. barley. 
C4 = Durum wheat vs. bread wheat 
C5 (R1 + R2) vs. R4. 
C6 = R2 vs. R3. 
C7 = R3 vs. R4. 
C8 = R1 VS. R2. 
C9 = R1 VS. (R2 + R3 + R4). 
CIO = (R1 + R2) VS. (R3 + R4). 
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The stressed regimes induced greater accumulation of 
MACC in plants. In the 1984 experiment, the amounts 
accumulated under stressed treatments were 200 to 497% more 
than in the watered treatment. In the 1985 experiments, the 
amounts observed under Rg - were 140 to 300% of the 
amounts obtained by watered plants (Table 4). Finally, 
there was a highly positive significant correlation between 
MACC accumulation and severity of stress, = 0.49 in 1985 
and R^ = 0.59 in 1984 (results not shown). However, there 
was no correlation between MACC and any physiological traits 
measured (P^, M^, 6(s) and RWC). 
Two weeks after stress alleviation, the levels of MACC 
observed decreased drastically. However, the stressed 
regimes still had significantly higher levels and the 
cultivars behaved as described earlier. 
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DISCUSSION 
This research was undertaken to investigate MACC 
accumulation by wheat and barley cultivars under water 
stress conditions. The water relations traits were measured 
to show how moisture deficits developed under variable 
moisture regimes. The data showed in 1985 that 2 days of 
withholding water (Rg) was a mild stress, whereas 4 
continuous days of stress (R^) or 2 days stress-rewater-2 
days stress (Rg) were severe stress as was the stress 
treatment in 1984. However, as the plants were rewatered, 
predawn and midday leaf water potentials, stomatal 
conductance and RWC changed and approached the watered 
treatment, indicating that these measurements cannot be used 
to evaluate water stress history, yet they are instantaneous 
indices of water deficits and depend on dynamics in plant 
characteristics (Bennelt et al., 1987; Kramer, 1983; 
Ladyman, 1982; Sinclair and Ludlow, 1985; Kaiser, 1987). 
Results show clearly that MACC accumulated in all 
genotypes studied. In the four cultivars the levels of MACC 
increased steadily with the severity of water stress. This 
result is consistent with the findings of other workers, 
especially on wheat (Hoffman et al., 1983a). Nevertheless, 
the levels measured seem too high when compared to the 
published levels under other conditions which ranged from 24 
to 658 n mol g"^ FW (Amrhein et al., 1984; Jiao et al.. 
35 
1986) with the exception of the results on ACC obtained by 
Rose (1985) showing a maximum of 2400 n mol g~^ FW ACC. 
Yet, most of the results published are obtained from studies 
on detached leaves, hypocotyl, stem, and root segments or on 
seeds which are stressed for a short time, usually not more 
than 24 hours; whereas in our study, we worked with whole 
plants and over a longer period of time, from 2 to 8 days. 
There were very striking differences between cultivars. 
In general, durum wheat cultivars accumulated higher levels 
of MACC followed most often by Arig 8 barley and finally 
Nasma bread wheat. Among durum wheats, Keyperounda 
accumulated more MACC than Cocorit. Do these results infer 
any drought resistance to the cultivars studied? Does this 
relate to reductions in stem heights from well-watered to 
the most severe moisture conditions? The 4-day stress 
treatments reduced heights by 33, 16, 24, and 40% 
respectively for Nasma, Cocorit, Keyperounda, and Arig 8, 
respectively. The highest reductions occurred in cultivars 
which accumulated less MACC. 
The field studies underway in Settat, Morocco, suggest 
that Nasma seems to be more drought-resistant than durum 
wheat cultivars. If so, this would mean that Nasma would 
accumulate less MACC but produce more ethylene which might 
control growth and reduce morphological traits; i.e., height 
and leaf area, as reported in wheat by Rose (1985), who 
showed that a drought-resistant cultivar produced relatively 
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higher amounts of ethylene than did the susceptible 
cultivar. 
Accumulation of MACC under water stress by whole plants 
of small grain cereals is an important biochemical process. 
MACC accumulates at higher levels under moisture deficits in 
plants and stays there. Indeed the levels of MACC did not 
decrease in the stressed-rewatered plants to the level of 
watered treatments. Furthermore, after two weeks of 
rewatering the levels of MACC observed in stressed plants 
were still very high. This observation supports the 
affirmation that MACC is a stable end product as stated by 
Hoffman et al. (1983a, 1983b). 
The accumulation of MACC under well-watered conditions 
is not a problem. The most critical factor in response to 
water stress (and other stresses) lies more in the 
sensitivity of the plant to changes in levels of endogenous 
compounds or growth regulators than to changes themselves as 
reported for ABA by Raschke (1982). 
The decrease in the levels of MACC observed after two 
weeks of no water stress has been reported in other systems 
(Jiao et al., 1986; Fuhrer and Fuhrer-Fries, 1985). This 
decrease can be explained in these ways. First, MACC might 
be metabolized to ACC to some extent. This is in 
contradiction with the findings of most workers, who showed 
MACC as an endproduct which does not constitute a storage 
for ACC and therefore is a poor source of ethylene (Yang, 
37 
1984). However, lately Jiao et al. (1986) questioned the 
conversion of MACC to ACC. They demonstrated that under 
certain conditions of high levels of MACC, the latter can be 
converted to some extent to ACC by watercress leaf discs fed 
MACC exogenously. They concluded 
... the present study implies that even though 
very little metabolism of MACC probably occurs 
under physiological conditions, the potential 
exists for MACC to serve as a source of ACC and 
ethylene when its level increases. 
However, the threshold level at which this process occurs 
was not defined. Other workers have reported the occurrence 
of a particular aminoacyclase which catalyzes the hydrolysis 
of MACC to ACC in senescent pea plants (Matern et al., 1984) 
which supports this. Second, MACC can be transported to the 
roots as reported by Fuhrer and Fuhrer-Fries (1985) in the 
second node of pea plants. Unpublished data from this 
present study show higher levels of MACC in the roots of the 
cultivars studied. Yet, the conditions under which this 
might occur are unknown. Third, water-stressed leaves below 
the flag leaf may die and fall from the plant and thereby 
remove much of the accumulated MACC. When the new leaves 
which develop after rewatering are part of the sample as 
done herein, they would dilute the concentration of MAAC per 
gram of tissue. Nevertheless, the decrease also occurred 
under nonstressed treatments. In most situations the 
reductions from the 8-day levels reached 70 to 80%, while in 
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the most severe conditions the reductions varied from 24 to 
84%. The most likely explanation can be found in the 
metabolism and transport of MACC even though the 
physiological importance of these processes are still 
obscure and more research in this area is strongly 
warranted. 
From the results of this research and related work 
reported herein, it is clear that MACC accumulates in spring 
small grain cereals under water stress conditions and 
remains at high levels even after a long period of water 
stress relief (15 days). This implies that the potential 
exists to use MACC as a water stress history index in 
comparative studies. Hence, MACC can be viewed as an 
indicator of the cumulative stress experienced by the plant. 
However, an important question should be addressed in future 
research, which relates to the use of MACC as an indicator 
of water stress. Can MACC be used as a criterion that 
confers adaptation to stress or is it simply a symptom of 
stress? The research undertaken in the field is aimed at 
answering this important question. 
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PAPER II. PERFORMANCE OF WHEAT AND BARLEY CULTIVARS 
UNDER DIFFERENT SOIL MOISTURE REGIMES 
IN A SEMI-ARID REGION 
GRAIN YIELD STABILITY, GRAIN YIELD AND YIELD-COMPONENTS 
RELATIONSHIPS 
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INTRODUCTION 
Variable soil moisture is the main limiting factor to 
potential cereal production in arid and semi-arid areas 
(Fisher and Turner, 1978; Blum, 1984; Sojka, 1985). In 
Morocco, these areas are characterized by limited and highly 
variable amounts of rainfall as well as erratic distribution 
(Watts and ElMourid, 1988; Papy, 1979). Indeed, the crops 
herein usually experience water deficits and thermal stress 
during at least one stage of the life cycle with detrimental 
effects on grain yields (Ouattar, 1985; Cooper et al., 1987; 
Fereres et al., 1986; Karrou, 1986). Production objectives 
in the drought-prone regions are to improve and stabilize 
yields through a choice of species, cultivars, and soil and 
crop management practices that would reduce yield 
fluctuations and permit stable production under water stress 
conditions (Sojka, 1985; Blum, 1984; Loomis, 1983). 
The study of cereal yield processes under limited 
available moisture is of importance for crop production and 
management (Aggarwall and Sinha, 1987). Sensible yield 
components analysis has been restricted to two major 
components, i.e., the weight of the grain and the number of 
grains per unit area (Palthridge and Denholm, 1974; 
Sebillotte, 1980). The latter sets the potential yield and 
is affected by water stress during the pre-anthesis period 
(Fisher, 1973; Fisher and Turner, 1978; Brown et al., 1987). 
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Whereas, the former always takes place during the end of the 
season when water deficits and high temperatures occur 
frequently. Hence, weight of the grain is significantly 
reduced (Mekni and ElMourid, 1987; Karrou, 1986; Ouatter, 
1985). However, number of grains per unit area is 
recognized as a major determining component of final grain 
yield (Fisher, 1981, 1983, 1985; Aggarwall and Sinha, 1987; 
Sebillotte, 1980). 
One of the most productive areas of research presently 
is the understanding of the basis of yielding ability and 
yearly variations in grain yield of different cultivars in 
relation to environment (Sinha et al. 1986; Blum, 1984; 
Richards, 1982; Evans, 1987). Furthermore, to gain an 
understanding of how crops react to drought, it is necessary 
to conduct research under field conditions (Clarke and 
Townley-Smith, 1984; Sullivan, 1983). The next step will be 
to identify mechanisms of drought resistance, i.e., escape, 
avoidance or tolerance (Blum, 1982; Hsiao, 1982). 
One approach to understand the performance of cultivars 
and species under drought conditions is to use yield 
stability analysis (Eberhart and Russell, 1966; Fisher, 
1981; Blum, 1982; Lin et al., 1986), and/or to use drought 
susceptibility index (Fisher and Maurer, 1978; Fereres et 
al., 1986; Sinha et al., 1986). 
Our objective in this study was to determine the 
response of three bread wheats fTriticum aestivum L.), two 
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durum wheats (Triticum durum Desf.) and two barley cultivars 
fHordeum vulaare L.) to different moisture regimes in the 
field. We first analyzed the yield stability and drought 
susceptibility of different cereal cultivars and species, 
and then studied how the yield was determined and its 
association with various yield components under varying 
environments. 
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MATERIALS AND METHODS 
Location and Climate 
Two experiments were carried out during the 1985-86 and 
1986-87 growing seasons at the National Institute for 
Agronomic Research (INRA) experiment station in Settat (33"N 
Lat) on a calixerollic soil that has 33% (cm^/cm^) water 
content at field capacity (0.03 MPa) and 17% (cm^/cm^) at 
wilting point (1.5 MPa), giving 19.9 cm as available water 
on 120 cm depth. 
The major components of the climate for the two years 
are shown in Figs, la to le. 
Plant Material 
The cultivars used were as follows: 
- Triticum aestivum L., •Potam', 'Nasma', 'Florelle'; 
- Triticum durum Desf., 'Cocorit*, •Keyperounda'; 
- Hordeum vulaare L., Arig 8 (six-row barley), ACSAD 60 
(two-row barley). 
These cultivars differ in maturity, height, leaf size 
and year of release (Table 1). 
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Table 1. Characterization of the cultivars used in the 
study. Data adapted from Ouassou (1986); Douiyssi 
(1988); and Grillot (1948) 
Year Earliness 
Common of Height (days to 
Cultivar name release (cm) heading) 
Potam Potam 1975 87 78 
Nasma 149 1973 100 98 
Florelle 1315 1940s >115 >105 
Keyperounda 2777 1956 >115 >105 
Cocorit Cocorit 1975 91 93 
Arig 8 905 1961 110 92 
ACSAD 60 ACSAD 60 1984 90 85 
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Experimental Details 
Cultivars were grown in the field under rainfall and 
different moisture regimes produced by a line-source 
sprinkler irrigation gradient system which created a water 
gradient as described by Hanks et al. (1974, 1976). Two 
hundred and fifty grains m~^ were planted for each cultivar. 
Planting dates were November 13, 1985 and November 22, 1986, 
and emergence occurred on December 5 and December 3, 
respectively. Carbofuran, Furadan 5G was used to control 
hessian fly (Mavetiola destructor Say.) at a rate of 22 kg . 
ha~^. Fertilizer at a rate of 30 kg ha~^ N, 60 kg ha~^ 
PgOg, 0 kg ha"^ KgO was applied at planting time and 30 kg 
ha"^ N was top dressed during tillering. Dithane M45 was 
applied during stem elongation to prevent septoria and leaf 
rust, major wheat diseases in the area. The herbicides 
Printazol in 1985-86, and Certrol H in 1986-87 were used to 
control weeds. 
In 1985-86 the irrigations were applied on January 21 
and March 25, 1986. The total amounts of water received on 
both dates were 18.5 cm, 10.5 cm and 0 cm at 3, 9 and 16 m 
from the line-source giving, respectively, three water 
regimes A, C, D. 
Due to early water stress conditions in 1986-87, 
homogeneous irrigation using a regular sprinkler-irrigation 
system was applied on the whole plot area to save the plants 
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on December 18, 1986, 1.9 cm; December 30, 2.0 cm; and 
January 24, 1987, 1.5 cm. 
The line-source sprinkler irrigation system was used on 
February 15, February 28 and April 7, 1987. The total 
amounts of water applied for the three dates were 13.0 cm, 
8.9 cm and 0 cm at 3, 9, and 16 m from the line-source, 
respectively. All irrigations were applied at night to 
minimize wind effects. Measurements from catch cans placed 
at 3, 9, and 16 m in each plot were taken in the early 
morning to estimate water application rates. Therefore, we 
studied three levels of moisture each year: dryland treat­
ment (no irrigation), a deficit-irrigated (intermediate) and 
well-irrigated treatment, and because moisture levels at the 
sowing time and seasonal precipitation varied for the 2 
years, these three treatments over two years provide six 
environments. 
The experiment had four replications, with a plot size 
of 8 X 22 m. Cultivars were randomized in a complete block 
design perpendicular to the line-source system. 
For the two years, grain yield, straw yield and harvest 
index (HI) were determined by harvesting 4 m^ in each water 
regime level. Spikes/m^ were measured on two adjacent 1 m 
rows before harvesting. The number of grains per spike and 
kernel weight were determined in 30 spikes picked at random 
in each experimental unit before harvesting. 
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The stabilities of grain yield and of the yield 
components were estimated by calculating the regression 
between mean yield or means of the yield components of a 
cultivar and the environmental index (EI) for six 
environments as defined by the average yield of all 
cultivars in one water regime-year (environment) as 
suggested by Eberhart and Russell (1966). The stability 
parameters are the regression slopes (b), the mean square of 
deviations from the regression (S^d) and the intercept (a) 
(Blum, 1982, 1984; Fisher, 1981). 
Drought susceptibility index (S) for each cultivar was 
estimated by the following relationship (Fisher and Maurer, 
1978) : 
Yd = YJ (1-SD) 
where Yg is the drought yield (irrigation = 0), Yj is the 
yield potential in the absence of drought (regime A), and D 
is the drought intensity. D = 1 - Yg/Y]-' Y^ and Yj are 
the mean yield of all cultivars under drought and 
irrigation, respectively. The lower the value of S for a 
cultivar, the greater is its drought resistance. 
Multivariate analysis of variance (MANOVA), single and 
multiple regression analyses, were performed on the data 
gathered using the SYSTAT MGLH procedure (Wilkinson, 1986). 
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RESULTS 
Yield stability and Drought Susceptibility 
Table 2 and Fig. 2 show the different parameters 
considered to evaluate the performance of the cultivars 
under six environments. For yield stability the slope b, 
the intercept a and the mean square deviation from the 
regression S^d were used. 
The environmental index (EI) when regressed against the 
mean évapotranspiration of each environment (ETa), was 
highly correlated to ETa. The values varied from 0.81 
and 0.96 and the correlations were highly significant (data 
not shown). 
Yield stability as measured by the slopes b varied from 
0.61 for durum wheat Keyperounda to 1.48 for barley Arig 8. 
The old cultivars (Table 2, Fig. 2) Keyperounda and Florelle 
had the lowest b, 0.61 and 0.77, respectively, whereas 
Potam, Cocorit and ACSAD 60 had b values around one, i.e., 
1.06, 1.09 and 1.12, respectively. Nasma had a medium b 
(0.89) and Arig 8 had the highest b (1.48). All the slopes 
were significantly different from zero. 
The intercepts varied too; Arig 8, Florelle and 
Keyperounda had the lowest intercepts, -729, -338, and 1, 
respectively. ACSAD 60, Nasma and Potam had the highest 
intercepts, i.e., 395, 368, and 167, respectively. Cocorit 
had a medium intercept, 63. 
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Table 2. Stability indices, regression coefficient (b), 
intercept (a)* mean square deviation from 
regression (S d), and drought susceptibility (S) 
in relation to grain yield for selected cultivars 
S2d S S 
b a R2 10® 1986 1987 
Potam 1.06 166.56 .81** 3.2 0.84 1.30 
Nasma 0.89 368.28 .92** 0.9 0.77 1.03 
Florelle 0.77 -337.98 .92** 0.7 1.19 1.02 
Keyperounda 0.61 1.00 .88** 0.6 1.17 0.69 
Cocorit 1.09 63.39 .99** 0.3 0.91 1.04 
Arig 8 1.48 -728.88 .99** 0.4 1.24 1.10 
ACSAD 60 1.12 395.15 .70** 6.6 0.98 1.17 
** Significant at 0.01 probability level. 
* Significant at 0.05 probability level. 
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The S^d were low for Cocorit, Arig 8, Keyperounda, 
Florelle and Nasma. ACSAD 60 had the highest S^d whereas 
Potam was intermediate. 
The drought susceptibility indices (S) were performed 
for all cultivars and for the two years (Table 2). They 
varied due to differences in drought patterns. Indeed D was 
0.45 and 0.66 for 1985-86 and 1986-87, respectively, meaning 
that 1986-87 was more droughty than 1985-86. The S varied 
from 0.69 to 1.30 in 1985-86 and from 0.77 to 1.24 in 
1986-87 Nasma was the least susceptible in 1986-87, and 
Keyperounda the least susceptible in 1985-86. 
Linear regression between the yield and S and between 
yield under irrigation (Yj) and yield under dryland 
conditions (Yg) were performed for the two years (results 
not shown). Contrasting results were observed. 
In 1985-86, the yield potential was significantly 
correlated to S (R^ = 0.36) but no significant correlation 
was observed between Yg and S with the exception of Potam 
(R^ = 1). In 1986-87 a highly significant correlation 
between Yg and S (R^ = 0.85) was observed and there was no 
significant correlation between YI and S. In any case, no 
significant correlation between yield potential (Yj) and 
yield under dryland conditions (Yg) was observed. 
Figure 3 plots the regressed slopes of the cultivars 
over different environments as a function of S. There were 
different behaviors of the cultivars tested. Arig 8 had 
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high b and high S; Potam, Cocorit and ACSAD 60 had medium 
values of b and medium values of S; Florelle had low b but 
high S. Nasma and Keyperounda constitute individual cases. 
Nasma had medium b but low S and Keyperounda had low b and 
medium S. 
Variability in Grain Yield 
The results of the two years demonstrated that there 
was a substantial variability among genotypes in their yield 
response to drought, and yield potential estimated as the 
yield under irrigation. Dryland yields for the two years 
varied from 523 kg ha"^ to 2510 kg ha~^, whereas potential 
yields varied from 1930 kg ha"^ to 4694 kg ha"^ under the 
experimental conditions (Table 3). Results of ANOVA showed 
a highly significant effect of cultivars as well as water 
regimes (results not shown). 
Table 4 shows the yields predicted for four 
environments D = 0 (irrigated); D = 0.22, D = 0.56, and D = 
0.66 (dryland). These results show that under drier 
conditions, ACSAD 60, Potam, Nasma and Cocorit yields were 
higher than the average of all cultivars (EI = 1,500 kg 
ha~^, EI = 1000 kg ha~^). Arig 8 gave the same yield as EI 
(D = 0.56), while Florelle and Keyperounda produced 50% of 
the cultivars* mean, and these two cultivars had the lowest 
yield potential under irrigated conditions. When conditions 
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Table 3. Mean grain yield of different cultivars studied in 
different environments as described by 
environmental index (EI) and drought intensity (D) 
EI®: 3530 3497 3338 2139 1962 1138 
Cultivars D : 0 0 0.05 0.39 0.45 0.66 
Potam 4694. 0 3813. 7 2986. 3 2442 .7 2953. 0 1607. 7 
Nasma 3639. 3 3230. 0 3621. 3 1966 .0 1980. 0 1631. 3 
Florelle 2499. 7 2548. 3 1837. 0 1128 .3 1369. 3 522. 7 
Keyperounda 1929. 7 2483. 7 2013. 3 1421 .3 1489. 7 585. 7 
Cocorit 4097. 0 3951. 7 3492. 7 2338 .3 2104. 7 1420. 3 
Arig 8 4468. 3 4429. 7 4050. 7 Z664 .7 2324. 2 772. 7 
ACSAD 60 4378. 8 4023. 0 5361. 5 3013 .7 2510. 3 1478. 7 
® Environmental index kg/ha""^. 
^ Drought intensity = 1 -
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Table 4. Regression equations between cultivar grain yield 
(kg ha" ), environmental index (x), and predicted 
yield (kg ha" ) for various environments 
Predicted values (kg ha~^) 
Regression x=3530 2740 1500 1000 
Cultivar Y = a + bx (0^=0)(0=0.22)(0=0.56)(0=0.66) 
Potam 156 + 1. 06 X 3908 3071 1757 1227 
Nasma 368 + 0. 89 X 3510 2807 1703 1258 
Florelle -338 + 0. 77 X 2380 1772 0817 0432 
Keyperounda 001 + 0. 61 X 2154 1670 0916 0611 
Cocorit 063 + 1. 09 X 3911 3050 1698 1153 
Arig 8 -729 + 1. 48 X 4495 3326 1491 0751 
ACSAO 60 395 + 1. 12 X 4349 3464 2075 1515 
^ Drought intensity = 1 - Yg/Y].. 
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became very severe Arig 8 gave a lower yield than the 
average of all cultivars (EI=1000). 
Variability in Yield Components 
Drought reduces the grain yield by affecting yield 
processes and yield components. Stability analyses were 
performed on major yield components. Susceptibilities were 
calculated for each yield component and each year. 
Moreover, ANOVA was performed in each yield component within 
a year. The major yield components studied were spikes m~^, 
grains per spike, grains m~^, 1000-kernel weight, total 
yield, and HI. 
Spikes m~^ 
The regression of spikes m"^ on EI showed that the 
performance of cultivars varied according to water 
availability (Table 5, Fig. 4). ACSAD 60, Arig 8, and 
Cocorit had the highest slopes which means high potential 
for this component. Florelle and Keyperounda showed medium 
slopes, and finally, Potam and Nasma had the lowest slopes 
(0.06 and 0.05, respectively). However, when considering 
the intercepts Potam, Nasma, Keyperounda and ACSAD 60 had 
higher intercepts, meaning greater spikes m~^ under the 
driest environment. Florelle, Cocorit and Arig 8 showed 
lower intercepts. The S values showed that cultivars 
behaved differently, and over two years, Florelle and Arig 8 
always had high S, whereas Potam and Nasma had lower values. 
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Table 5. Stability indices, regression coefficient (b), 
intercept (a)* mean square deviation from 
regression (S d), and drought susceptibility (S) 
in relation to spikes m" for selected cultivars 
b a S^dlO® S86 S87 
Potam 0.06 161.54 .76** 0.02 0.39 0.84 
Nasma 0.05 139.38 .47 0.04 0.59 0.94 
Florelle 0.09 47.69 .97** 0.00 1.52 1.01 
Keyperounda 0.08 158.39 .28 0.20 0.58 0.96 
Cocorit 0.12 41.29 .78** 0.05 0.69 1.06 
Arig 8 0.10 62.36 .81** 0.03 0.83 1.10 
ACSAD 60 0.19 117.03 .57 0.30 0.59 1.11 
** Significant at 0.01 probability level. 
* Significant at 0.05 probability level. 
— 
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Keyperounda, Cocorit and ACSAD 60 showed different S for the 
two years. 
Grains per spike 
Only Nasma and Florelle showed a highly significant 
relationship of grains/spike and EI (R^ = 0.74 and 0.77, 
respectively) (Table 6, Fig. 5). The S value varied from 
0.56 to 1.73 over the two years. Florelle had the highest S 
consistently over the two-year period. Arig 8 and ACSAD 60 
had lower S values, meaning that this component was less 
affected by drought. 
Number of grains m~^ 
The slopes varied according to cultivars from 2.78 to 
4.56 (Table 7, Fig. 6). Potam and Nasma had the lowest b 
values; Arig 8, Cocorit and ACSAD 60 the highest; and 
Florelle and Keyperounda were intermediate between the two 
groups. Nevertheless, when considering the intercepts 
Potam, ACSAD 60 and Nasma had the highest and Florelle, 
Keyperounda, Cocorit and Arig 8 had the lowest and negative 
intercepts, indicating that for these cultivars this yield 
component was very sensitive to dry conditions. ACSAD 60 
had the highest potential (b) and highest intercept. 
For all the cultivars S varied from 0.15 to 1.77 and 
the tendency for all cultivars was consistent over the 2 
years except for Keyperounda, which had the lowest S in 1986 
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Table 6. Stability indices, regression coefficient (b), 
intercept (a)* mean square deviation from 
regression (S d, and drought susceptibility (s) 
in relation to grains per spike for selected 
cultivars 
b a R2 S^d S86 S87 
Potam 0.002 22.97 0.26 15.75 1.03 0.82 
Nasma 0.005 13.87 0.75* 10.80 1.23 0.89 
Florelle 0.005 12.55 0.77* 9.71 1.73 1.19 
Keyperounda 0.008 3.88 0.43 101.76 0.72 1.96 
Cocorit 0.004 15.80 0.29 56.99 0.84 1.11 
Arig 0.003 26.94 0.30 22.11 0.78 0.79 
ACSAD 60 0.002 13.94 0.32 12.19 0.56 0.88 
* Significant at 0.05 probability level. 
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Table 7. Stability indices, regression coefficient (b), 
intercept (a)* mean square deviation from 
regression (S d, and drought susceptibility (s) 
in relation to number of grains m for selected 
cultivars 
b a r2 S^d(lO^) S87 S86 
Potam 2.93 1704.09 0.711 43.9 0. 92 0.87 
Nasma 2.78 296.18 0.78* 27.5 1. 12 0.93 
Florelle 3.82 2363.31 0.95* 9.0 1. 77 0.95 
Keyperounda 3.88 1370.38 0.80* 45.8 0. 15 1.14 
Cocorit 4.56 2286.71 0.89** 32.1 0. 94 1.06 
Arig 8 4.46 234.18 0.90** 26.5 0. 98 0.98 
ACSAD 60 4.14 664.76 0.80* 52.0 0. 64 0.98 
** Significant at 0.01 probability level. 
* Significant at 0.05 probability level. 
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but the highest in 1987. ACSAD 60 had intermediate values 
0.64 and 0.98, respectively, in 1986 and 1987. 
1000-kernel weight 
The response of all cultivars to change in EI was 
non-significant (data not shown) except for Arig 8 (R^ = 
0.81). The S values varied greatly over the two years. 
They showed that this component was very sensitive to 
drought. Cultivars Cocorit, Keyperounda, and ACSAD 60 
consistently had high S over the two years. Nasma and Arig 
8 had lower S over the two years. Potam and Florelle had 
different behavior in these growing seasons; low S in 1986 
but high in 1987. 
Total drv matter forain + straw) 
The response of all cultivars to change in the environ­
ment was highly significant for all cultivars except for 
Florelle. The varied from 0.88 to 0.95. The cultivars 
had almost the same slopes except Arig 8 which had the 
highest (3.22) (Fig.7). However, the intercepts differed 
significantly. ACSAD 60 and Florelle had the highest 
intercepts, indicating a high potential under dry 
conditions followed by Nasma, Keyperounda and Potam and 
finally, by Arig 8 and Cocorit which had the lowest a 
values. The S varied from 0.79 to 1.19 for the two years. 
Keyperounda and ACSAD 60 had consistently lower S whereas 
Arig 8 and Florelle had the highest S over the two years. 
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Fig. 7. Linear regression between cultivar total above ground 
dry matter and environmental index for selected 
cultivars 
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The other cultivars were intermediate. If we consider only 
the straw yield, Florelle and Arig 8 responses to EI was not 
significant indicating the same straw production in all 
environments. 
Harvest index fHI) 
The response of all cultivars to change in the 
environment was nonsignificant. The S values showed 
contrasting behavior of all cultivars over the 2 years 
except for Potam which was consistent. In 1985-86 S values 
were negative which signifies that HI decreased with 
available water. However, in 1986-87 growing season S 
values were very high and positive for Florelle, 
Keyperounda, Arig 8 and ACSAD 60. Potam, Nasma and Cocorit 
had lower S values in 1986-87. The HI increased with 
available water. Furthermore, there was a high variability 
in HI for all cultivars. Florelle and Keyperounda have very 
low HI less than 20% under all environments. 
Association of Grain Yield and Yield Components 
In terms of mean values of all cultivars combined over 
the two years, grain yield most correlated linearly with the 
number of grains per m^ (GR)(R^ = 0.66), followed by HI (R^ 
= 0.50), and then kernel weight (WG) (R^ = 0.48) (Table 8). 
When multiple regression analysis was performed (data 
not shown) between grain yields and the three yield 
components (grain m"^, HI, and kernel weight), the 
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Table 8. Correlation coefficients between grain yield and 
yield components, mean of two years 
Spike Grain per Grains Kernel 
m spike m~ weight HI 
Potam 0.69 0.55 0.73 0.61 0.77 
Nasma 0.46 0.86 0.75 0.60 0.55 
Florelle 0.98** 0.83* 0.96** 0.52 0.61 
Keyperounda 0.53 0.82* 0.99** 0.85* 0.73 
Cocorit 0.85* 0.58 0.94** 0.66 0.56 
Arig 8 0.93** 0.55 0.97** 0.88* 0.65 
ACSAD 60 0.70 0.36 0.77 0.61 0.88* 
All 
cultivars 0.60* 0.42** 0.81* 0.69** 0.71** 
** Significant at 0.01 probability level. 
* Significant at 0.05 probability level. 
HI = Harvest index. 
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correlation was highly significant (R^ = 0.88). The 
correlation of grain yield with GR and HI together gave an 
R^ = 0.85, GR and WG gave R^ = 0.83 meaning that HI and WG 
can be interchanged. When each cultivar was considered 
alone over 2 years the same results were obtained (GR+HI) 
with even higher R^ values reaching 0.98 for Keyperounda, 
Florelle, Cocorit, Arig 8 and ACSAD 60. For Potam and Nasma 
R^ was equal to 0.77. Grains per spike (GRSP) and spikes 
m~^ (SP) were significantly correlated to grain yield but 
with a loose relationship, R^ = 0.36 for spikes and 0.18 for 
GRSP. 
The most important component for grains m"^ (GR) was 
spikes per m^ rather than grains per spike, as is evident 
from their respective correlations coefficient with grain 
yield, although dry matter at anthesis was also important, 
with R^ = 0.39 (data not shown). However, under severe 
drought conditions like in 1986-87 (D = 0.66), grains per 
spike were important and R^ was equal to 0.77 and highly 
significant. 
Determination coefficient over two years between grains 
m~^ (GR) and spikes m"^ (SP), GR and grains/spike (GRSP) and 
GR and SP+GRSP were R^ = 0.53, 0.31, and 0.96, respectively. 
All the correlations were highly significant. 
The correlations between different yield components, 
especially kernel weight and grains m"^, or grains/spike and 
spikes m~^ were very low and nonsignificant except in 
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1986-87 where a negative and higher correlation between GRSP 
and SP was observed, meaning that a certain level of 
compensation occurred between the two components. 
Furthermore HI was highly correlated to kernel weight 
(R^ = 0.45). 
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DISCUSSION 
Results presented here were strongly influenced by the 
water regimes studied and the drought patterns typical of 
Moroccan semi-arid environments. Drought intensity (D) 
varied from D = 0 under irrigated treatments to D = 0.66 in 
1986-87 and D = 0.45 in 1985-86, meaning that the growing 
season 1986-87 was more droughty than 1985-86. Although 
total rainfall in 1985-86 was lower than the average, its 
distribution was perfect. The 1986-87 season experienced 
early dry spells and dry end-of-life cycle. A high 
variation in yield response was observed with reductions in 
yields of 60% from the well watered regime. 
Cultivars studied herein behaved differently under 
these water regimes. There were no clear-cut species 
effects, but rather cultivar effects were predominant. The 
yield stability, as used by Eberhart and Russell (1966) and 
Blum (1982), and drought susceptibility index, as defined by 
Fisher and Maurer (1978), when applied to this study showed 
large variations both in yield potential and drought 
resistance of the cereal cultivars examined under 
experimental conditions. This is not surprising because the 
cultivars chosen from among those widely used in semi-arid 
regions of Morocco had different morphological and 
phenological traits. Dates of release were different too. 
Hence, there were very old, tall, late and leafy cultivars. 
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Florelle (1940s), Keyperounda (1950s), Arig 8 (1960s); 
relatively recent and shorter cultivars, Nasma (1973), Potam 
and Cocorit (1975) which are cultivars from CIMMYT material, 
and finally recently released cultivar, ACSAD 60 (1984). 
The observed slopes (b) for grain yield classify the 
cultivars in three groups: 1) high b, cv. Arig 8 (b=1.48) 
which had a high potential and high responsiveness to the 
improvement in the environment, i.e., water availability. 
However this cultivar lodged under very well watered 
conditions; 2) medium b, almost confounded with the 1:1 
line, but with higher potential than the average response of 
all cultivars. The cultivars concerned are Potam (b=1.06), 
Cocorit (1.09) and ACSAD 60 (1.12); 3) low b, lower than 1:1 
line meaning a lower potential than the average of all 
cultivars in the environment. The cultivars falling in this 
group are Keyperounda (0.61), Florelle (0.77) and Nasma 
(0.89). This group is considered to have high stability, 
wide adaptability and lower responsiveness to improved 
conditions (Fisher, 1981; Sojka, 1985). However, for the 
breeders the most stable cultivars could be group 2 which 
had slopes almost equal to 1 (Blum, 1982). 
However, b is not sufficient to orient the choice of a 
cultivar for different environments (Fisher, 1981; Blum, 
1982, 1984; Sinha et al., 1986). Because water availability 
is the overriding factor defining the environmental index, 
the intercepts (a) of the regressions are very important as 
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demonstrated by Blum (1982) and Sinha et al. (1986). Their 
research has shown that intercepts allow the choice of 
cultivars that are adapted to poor-yielding environments. 
Hence, when intercepts were used, there were also three 
groups. A first group had negative and very low intercepts 
values consisting of Arig 8 (-729), Florelle (-338) and 
Keyperounda (1). These cultivars had very low yields under 
severe drought conditions. A second group with high 
intercept values, i.e., ACSAD 60 (395), Nasma (368) and 
Potam (167), achieved acceptable yields under severe drought 
conditions. Finally, a third group consisting of only one 
cultivar, Cocorit (63) had a medium intercept value. This 
cultivar had low yields under poor environment. 
Combining the two grouping approaches, regression slope 
and intercept values, it was inferred that: 
Group 1: Cultivars with high stability and good adaptation 
to drought conditions: Nasma, ACSAD 60, and 
Potam. 
Group 2: Cultivars with medium stability but medium to poor 
adaptation to drought conditions: Cocorit, 
Keyperounda. 
Group 3: Cultivars that had a very poor adaptation to 
dought conditions; Florelle and Arig 8. 
The use of drought susceptibility index showed that in 
these experiments drought susceptibility averaged from 0.69 
to 1.30, which are similar to those reported for wheat by 
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Fisher and Maurer (1978), for sunflower by Fereres et al. 
(1986), and for maize by Fisher et al. (1982). However, 
variations within a cultivar were observed owing to 
different drought patterns in the two years of study. 
Nevertheless, there was consistency in the trend of S which 
confirmed grouping of cultivars by using the slopes and 
intercepts meaning that the use of S or b and a can help in 
characterizing the response of cultivars to drought. Hence, 
Nasma, ACSAD 60 and Potam are drought resistant, followed 
far behind by Cocorit and Keyperounda, whereas Arig 8 and 
Florelle are drought susceptible. Cocorit and Keyperounda 
tended to be more susceptible than resistant to drought. 
Sojka in 1985 reported the same result for Cocorit. The 
mechanisms by which a cultivar might be a drought resistant 
will be considered in another study. 
Using stability analysis, as well as drought 
susceptibility index to evaluate the responsiveness of yield 
components to stress, showed that cultivars' response to 
variation in environment occurred through adjustment of the 
different yield components. The overall results confirmed 
grouping of cultivars response to drought. The more stable 
and drought resistant the yield components are, by 
maintenance of high levels under poor environment, the more 
stable and drought resistant is a cultivar as reported by 
Aggarwall and Sinha (1987) for wheat and triticale, by 
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Helnrich et al. (1985) for sorghum, and by Bidlnger et al. 
(1987) for pearl millet. 
The relationships between grain yield and yield 
components demonstrated that grain numbers per m^ and HI 
were the two major components affecting cereal yields in 
this study, irrespective of the soil water availability, 
although grain weight was also important and can be 
interchanged with the HI. These results are similar to 
those reported by Aggarwall and Sinha (1987) and Fereres et 
al. (1986), but in contradiction with the results reported 
for barley by Zahour (1985). The HI was important because 
old cultivars with very low HI and recent cultivars with 
medium to high HI were chosen. 
The route to achieve high number of grains m~^ was 
mostly based on the number of spikes m~^ which was a very 
important yield component under dryland conditions as 
reported by Bouchoutrouch (1986). Grains per spike was less 
important than the spikes m~^ as shown by their correlation 
with grain yield, even though the former was very important 
for Nasma. 
A surprising but consistent result of this study was 
that there was not clear yield component compensation under 
experimental conditions which is in contradiction with the 
reported results by Fisher (1981) and Fereres et al. (1986), 
for example, but in agreement with Aggarwall et al. (1986). 
This means that to achieve a yield in our conditions, each 
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yield component has to increase. Hence, we have less 
plasticity in our conditions in the yield processes. This 
lack of yield component compensation might be explained by: 
1) water stress occurring at different growth stages and 
therefore impairing yield components being developed; 2) 
high temperatures and high vapor pressure deficits impeding 
potential transpiration and photosynthesis, especially 
during grain filling. Therefore, kernel weight "never 
reaches its potential. 
The importance of spikes m~^ and grains m~^ as 
overriding yield components indicates the importance of the 
pre-anthesis period when these two components develop. 
Indeed, in 1986-87, dry matter at anthesis was highly 
correlated to the number of grains/m? as well as to final 
grain yield. These findings have been reported widely in 
the literature by Waddington et al. (1986), Evans (1987), 
Fisher (1981, 1983, 1985), Aggarwall and Sinha (1987), 
Fereres et al. (1986), and Bidinger et al. (1987). 
These results mean that, due to the importance of yield 
components such as spikes m"^ under stress, the performance 
of a cultivar in low-yielding environments is greatly 
influenced by its performance during pre-anthesis. 
Nevertheless, the grain filling phase is still of great 
importance to yield in this environment as shown by the 
importance of HI. 
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Finally, an interesting but controversial result is 
that S was not correlated consistently to the yield 
potential or to yields under dry conditions. This indicates 
that a high level of drought resistance and high yield 
potential may be combined in improved cereal cultivars. 
Klatt et al. (1986) confirmed this for wheat cultivars 
developed by CIMMYT and Fereres et al. (1986) made the same 
suggestion for sunflower improvement under drought 
conditions. 
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CONCLUSIONS 
It can be concluded, based on the three indices of 
regression coefficient (slope), intercept a, and drought 
susceptibility index, that three cultivars, i.e., Nasma, 
ACSAD 60 and Potam are more drought resistant and more 
stable in drought conditions than Cocorit, Keyperounda, 
Florelle and Arig 8. Stable and drought resistant cultivars 
maintained a yield advantage in poor environment by 
maintaining higher numbers of grains m~^ through more spikes 
m~^ and high HI (or higher kernel weight). Hence, to 
improve grain yield, methods should be sought for 
increasing harvested grains m~^ and also for enhancing 
mobilization of an available source to grains. 
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PAPER III. PERFORMANCE OF WHEAT AND BARLEY CULTIVARS 
UNDER DIFFERENT SOIL MOISTURE REGIMES 
IN A SEMI-ARID REGION 
II. WATER USE EFFICIENCY, GROWTH EFFICIENCY AND WATER 
RELATIONSHIPS 
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INTRODUCTION 
In drought prone areas, the design of more water-use 
efficient, growth efficient ideotype crops, as well as more 
efficient crop and soil management practices, requires an 
understanding of water use patterns in relation to crop 
phenology and dry matter production. This approach permits 
clarification of the most promising strategies to improve 
crop productivity in water-limited environments. 
Production of biological yield of a water-limited crop 
has been explained in terms of the transpiration efficiency 
(Fisher and Turner, 1978; Loomis, 1983; Passioura, 1981; 
Ritchie, 1983). Fisher (1981) detailed the approaches and 
strategies for increasing dryland crop yields: "Essential 
to the prediction of genetic improvement in dryland crops is 
an understanding of the type of water limitations 
encountered, i.e., timing, duration, and of the mechanisms 
by which water limitations affect yield". He concluded 
that to increase yields in water limited environments, one 
has to maximize crop transpiration, transpiration efficiency 
(TE) and harvest index (HI). Passioura (1981) explained 
biological yields in terms of water use efficiency and total 
water use. Cooper et al. (1987 a, b) and Cooper et al. 
(1983) used this approach in a Mediterranean environment. 
They separated crop water use in its two major components, 
i.e., evaporation and transpiration. They then approached 
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water use efficiency (WUE) in terms of TE and ways to 
maximize it. This approach allowed them to analyze TE in 
relation to growth pattern, leaf area development and time 
of ground cover. Loomis (1983) took the same approach and 
stated correctly "the many approaches to efficiency in water 
use can be rationalized if we combine our knowledge of the 
relation between transpiration and production with ideas on 
risk management and crop adaptation". 
Hsiao (1982), analyzing plant responses and adaptation 
to stress in terms of growth and productivity, concluded 
that it is important that a crop reaches a desirable level 
of ground cover to intercept energy. French and Schultz 
(1984 b) showed that WUE and yield of wheat crop were 
reduced by insufficient leaf area. 
The issue is to match crop growth to water supply in 
order to increase yields and WUE (Fisher 1981; Loomis, 1983) 
because the manner in which water is used through the season 
is very important. Results presented by Stark and Longley 
(1986) illustrate the importance of adequate early season 
soil water availability in developing uniform tillering and 
high yield potential of spring wheat, whereas Aggarwall et 
al. (1986) showed the importance of post-anthesis water use 
in regulating grain yield of wheat and triticale cultivars. 
Siddique and Sedgley (1987), studying chickpeas in 
southwestern Australia, illustrated the importance of canopy 
development patterns in the water economy of the crop in 
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southwestern Australia; i.e., timing of ground cover, amount 
of dry matter, and leaf area in relation to availability of 
soil moisture. 
A complementary approach to understanding crop 
productivity is illustrated by Monteith (1981), Ludlow 
(1981), and Gallagher and Biscoe (1978), who showed the 
importance of growth in relation to radiation interception 
and absorption. They explained crop yields and dry matter 
production in terms of amount of solar radiation intercepted 
and efficiency of conversion of solar radiation as well as 
growth efficiency. Ludlow (1981) showed that: 
Yb = Qi X Eg 
and Yg = x Ec x HI 
gm-2 = MJm"^ x gMJ~^ 
where Y^ = Biological yield; Y^ = economic yield 
= Solar radiation intercepted by a 
crop = Qq (1 -
Eg = Efficiency of conversion of solar radiation 
to produce dry matter 
HI = Harvest index 
Qq = solar radiation at the top of a crop 
K = extinction coefficient 
L = leaf area index 
This latter approach permits the integration of the 
water-use efficiency approach. And finally, when a cultivar 
is chosen in a water-limited environment, crop and soil 
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management is a compromise between radiation interception 
and crop water use to ensure that economic yield is produced 
before soil water supply is exhausted (Loomis, 1983; Ludlow, 
1981; Fisher, 1981; Passioura, 1981). 
In this paper the objective is to evaluate efficiencies 
of selected small grain cereal cultivars under different 
moisture regimes in a semi-arid environment. 
The efficiencies studied are: 
1. Water use efficiency (WUE) = grain yield or above 
ground dry matter at anthesis or harvest divided 
by total water evapotranspired up to anthesis or 
to physiological maturity. 
2. Transpiration efficiency (TE) = above ground dry 
matter at anthesis or harvest divided by total 
transpiration. 
3. Efficiency of conversion of solar radiation (Ec) = 
above ground dry matter divided by total solar 
radiation absorbed by a crop. 
4. Growth efficiency (Eg) = Ecx H x 100; where H is the 
caloric value of the crop = 17.5 lo"^ MJ g~^ as 
defined by Gallagher and Biscoe (1978). 
These efficiencies were related to yield, dry matter 
and sensible yield components. Finally, the cultivar crop 
water relationships are compared through three sensible 
physiological attributes: stomatal conductance, leaf water 
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potential and canopy temperature measured during 
pre-anthesis, approximately at anthesis, and post-anthesis. 
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MATERIALS AND METHODS 
Location and Climate 
Two experiments were carried out during the growing 
crop seasons 1985-86 and 1986-87, at the National Institute 
for Agronomic Research (INRA) experiment station in Settat 
(33'N Lat) on a calixerollic soil that has 33% (cm^/cm^) 
water content at fields capacity (0.03 MPa) and 17% 
(cm^/cm^) at wilting point (1.5 MPa) giving 19.9 cm as 
available water in 120 cm depth. 
The major components of the climate for the 2 years are 
shown in Figure 1 of the Part II of this dissertation. 
Plant Material 
The cultivars used were as follows: 
- Triticum aestivum L., 'Potam*, 'Nesma', 'Florelle'; 
- Triticum durum Desf., 'Cocorit', 'Keyperounda•; 
- Hordeum vulaare L., 'Arig 8' (six-row barley), 'ACSAD 
60' (two-row barley) 
These cultivars differ in earliness, height, leaf size 
and year of release (Table 1 of the Part II of this 
dissertation). 
Experimental Details 
All cultivars were grown in the field under rainfall 
and different applied moisture regimes produced by a 
line-source sprinkler irrigation gradient system creating a 
gradient level of water as described by Hanks et al. (1974, 
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1976). Two hundred and fifty grains were planted for 
each cultivar. Planting dates were November 13, 1985 and 
November 22, 1986, emergence occurred on December 5 and 
December 3, respectively. Carbofuran (Furadan 5G) was used 
to control hessian fly fMavetiola destructor Say.) at a rate 
of 22 kg ha**^. Fertilizers were used at a rate of 30 kg 
ha~^ N, 60 kg ha"^ PgOg, 0 kg ha~^ KgO at planting time and 
30 kg ha~^ N was top dressed during tillering. Dithane M45 
was sprayed once during stem elongation to prevent septoria 
and rust, major wheat diseases in the area. Two herbicides, 
Printazol 75, [2,4-D (230 g/L), 2,4-MCPA (285 g/L), 2,6-MCPA 
(56 g/L)] 1 1 ha~^ at the end of tillering in 1985-86 and 
Certrol H [loxynil (120 g/L) MCPP (360 g/L)] 3 1 ha"^ during 
early tillering in 1986-87, were used to control weeds. 
In 1985-86 the irrigations were applied on January 21, 
and March 25, 1986. The total amounts of water received on 
both dates were 18.5 cm, 10.5 cm and 0 cm at 3, 9 and 16 m 
from the line-source giving three water regimes A, C, D, 
respectively. 
In 1986-87 the irrigation regime was as follows: 
Because of early drought homogeneous irrigation with regular 
sprinkler-irrigation system was applied on the whole plot to 
save the plants on the following dates: December 18, 1986, 
1.9 cm; December 30, 2.0 cm; and January 24, 1987, 1.5 cm. 
The line-source sprinker irrigation was then used on 
February 15, February 28 and April 7, 1987. The total 
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amounts of water received for the three dates were 13.0 cm, 
8.9 cm and 0.0 cm at 3, 9, and 16 m from the line-source. 
All irrigations were applied at night to minimize wind 
effects. Measurements from catch cans placed at 3, 9, and 
16 m in each plot were taken in the early morning to 
estimate water application rates. Therefore, we studied 
three levels of moisture each year: dryland treatment (no 
irrigation), a deficit-irrigated (intermediate) and 
well-irrigated treatment, and because moisture level at the 
sowing time and seasonal precipitation varied for the two 
years, these three treatments over two years provide six 
environments with different water availability. 
The experiment had four replications, with a plot size 
of 8 X 22 m. Cultivars were randomized in a complete block 
perpendicular to the line-source system. 
For the two years, grain yield, straw yield and HI were 
determined by harvesting 4 m^ in each water regime level. 
The spikes/m^ were measured on two adjacent 1 m rows before 
harvesting. The number of grains per spike and the kernel 
weight were determined in 30 spikes selected at random in 
each experimental unit before harvesting. 
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Measurements 
Soil moisture was monitored regularly at main 
development stages using the Troxler* Model 104 neutron 
probe. Readings were made at 15, 30, 60, 90, 120 cm. 
Volumetric (9^) water content was calculated from 
calibration curves established by Watts and Troeh (1984). 
0^ = 0.039 + 0.348 CR (CR = minute counts/standard). 
Evapotranspiration (ET) was estimated for 127.5 cm depth 
using a water budget described by the equation; 
ET = S^ + P-Sg-D-R 
where and Sg are the soil moistures at time 1 and 
time 2 in cm; P = precipitation (cm); D = deep percolation 
or drainage; and R = run-off. D and R are considered to be 
negligible (Cooper et al., 1983). 
Soil moisture was measured in three aluminum accession 
tubes which were installed in each cultivar in one 
replication at 3, 9, and 18 m from the line source. 
Leaf stomatal conductances and transpiration were 
measured between 1230 and 1400 hours local time on clear day 
in two replications at 3 m and 18 m from the line source. A 
steady state porometer LI-1600 (Li-Cor, Inc., Lincoln, NE, 
USA) was used. The measurements were taken near anthesis 
from 70 to 135 days after emergence, on the last fully 
*Use of commercial product names does not imply 
endorsement over similar products by the author. 
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developed leaf. Both sides of the leaf are considered. 
Predawn (before 0700) and midday (1230-1400) leaf water 
potentials were measured on a clear day on two uppermost 
developed leaves using the pressure chamber technique 
(Turner, 1981). Measurements were taken on the same day in 
conjunction with porometer measurements. 
Canopy temperatures were taken between 1230 h and 1400 
h local time on clear days on two replications at 3, 9, and 
18 m from the line-source, using the infrared thermometer, 
Model 210 (Everest Inter sciences. Inc.; Tustin, CA.; USA). 
Measurements were taken at an angle of 45" at a distance of 
10-15 cm from the crop. 
Leaf area was taken in two adjacent 0.5 m row samples 
and measured using the leaf area meter LI-3000 (Li-Cor, 
Inc.; Lincoln, NE.). After flag leaf stage (Feekes* stage = 
9) the equivalent area from stem and spike was added to the 
leaf area as suggested by Stapper (1984) (stem height x base 
stem perimeter divided by 2). 
Dry matter was taken on four adjacent 0.5 m of row. 
Samples were oven dried for 48 hours at 70"C. Dry matter at 
harvest was taken on 4 m^. 
Dry matter and leaf area were taken in three 
replications at selected growth stages (early tillering, 
jointing, anthesis). 
Daily solar radiation was taken using a solar monitor 
LI-1776 (LICOR, Inc.; Lincoln, NE.). 
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Dates of phenological development stages were recorded 
at emergence, jointing, heading, anthesis, and physiological 
maturity. A stage is recorded when 50% of the plot had 
reached that stage. 
Computation Methods 
Transpiration; as suggested by Cooper et al. (1983). 
ET was separated into and T; where Eg^ is soil 
evaporation under the crop and T is transpiration. Two 
clean fallows areas adjacent to our experiment were used to 
determine evaporation from bare soil; i.e., dryland fallow 
(Tanji and Karrou, 1988) and irrigated fallow (Ezzahar, 
1988). The soil moisture in these two fallow plots was 
monitored by a neutron probe meter. 
If Eg = Soil evaporation from bare soil 
Esc = Eg (1 - a) 
a = 1 - e "kG 
where K = extinction coefficient - 0.37 (Cooper et al., 
1983) 
G = Green area index 
T = ET - Egg 
Absorbed solar radiation = as suggested by Monteith (1981) 
and Ludlow (1981); = 1/2 Measured solar radiation 
absorbed = @1 (1 - e~^®) since the reflectance 
of photosynthetically active 
radiation is usually less than 10%. 
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K = extinction coefficient determined 
by canopy architecture and environmental conditions. 
G = green area index 
Growing degree davs fstaotaer. 1984) : 
GDD = T max. + T min. 
T max. = daily maximum temperature 
T min. = daily minimum temperature 
Tjj = base temperature 
From emergence to heading: = 3 *C 
Heading to anthesis: = 5 "C 
Anthesis to physiological maturity: Tj^ = 8 °C 
Statistics Methods 
Multivariate analysis of variance (MANOVA), single and 
multiple regression analysis were performed on data using 
the Systat MGLH procedure (Wilkinson, 1986). 
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RESULTS 
Water Use and Water Use Efficiency 
Table 1 shows the WUE for grain (WUEg) and for above 
ground dry matter (WUEt) under different moisture regimes. 
WUEg varied from 2.2 kg ha"^ mm~^ to 18.7 kg ha~^ mm"^ 
reflecting the different responses of cultivars with 
changing environment. The lowest WUEg were observed under 
the poorest environment. In general, the WUEg improved as 
water availability increased. Table 2 shows the 
regressions of WUEg against environmental indices; i.e., 
average yield of all cultivars within a water regime. The 
regressions were significant for Potam, Florelle, Cocorit 
and Arig 8. WUEg for Nasma, Keyperounda and ACSAD 60 was 
not influenced as environments improved. Of particular note 
(Table 1) is the low WUEg for old cultivars, Keyperounda and 
Florelle, in all environments, i.e., less than 7 kg ha"^ 
mm"^, whereas Potam, Nasma, ACSAD 60 and Cocorit had much 
higher efficiencies. Considering responsiveness to 
environment as expressed by the regression slope (b), Nasma, 
Florelle, Keyperounda had the lowest (b = 0.001), followed 
by Potam, Cocorit and ACSAD 60 (b = 0.002), and Arig 8 had 
the highest (b = 0.004). Under more favorable environments, 
high levels of WUEg were achieved. ACSAD 60, 18.7 kg ha"^ 
mm Arig 8 16.0 kg ha~^ mm~^, Cocorit 14.0 kg ha~^ mm~^, 
Potam 13.9 kg ha~^ mm"^, Nasma 12.1 kg ha"^ mm""^; except for 
Table 1. Water use efficiency for grain and above ground 
dry matter as a function of environmental index 
for selected cereal cultivars 
EI(kg ha"^) 1138 1962 2139 
WUEg WUEt WUEa WUEg WUEt WUEg WUEt 
kg ha"^mm"l 
Potam 6.48 20. 14 21. 53 9.96 25. 01 8 .04 20. 83 
Nasma 6.64 21. 37 21. 33 10.25 26. 28 6 .69 21. 83 
Florella 2.16 20. 99 19. 80 6.12 31. 16 3 .62 25. 94 
Keyperounda 2.47 20. 05 22. 00 5.83 29. 66 4 .77 23. 07 
Cocorit 5.82 17. 28 17. 53 10.81 28. 87 7 .77 22. 04 
Arig 8 2.91 19. 78 21. 01 11.92 30. 76 8 .64 26. 48 
ACSAD 60 6.11 22. 10 28. 81 14.80 44. 07 9 .87 27. 84 
EI = Environmental Index; average yield of all cultivars 
within a water regime. 
WUEg = Water use efficiency for grain. 
WUEt = Water use efficiency for total above ground dry 
matter. 
WUEa = Water use efficiency for dry matter at anthesis (only 
in 1986-87). 
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3338 3497 3530 
WUEa WUEg WUEt WUEg WUEt WUEa WUEg WUEt 
kg/ha" 
19.39 10.55 29.61 10.52 26.43 21.67 13.85 32. 64 
33.10 12.07 29.43 8.37 25.12 20.10 9.79 27. 95 
16.53 5.63 33.91 6.48 34.73 24.43 6.48 43. 27 
17.98 5.87 332.16 6.63 25.83 28.25 4.84 33. 20 
19.95 13.95 39.64 10.34 25.50 35.68 12.45 35. 16 
28.94 16.04 33.17 11.82 36.01 53.92 14.93 45. 10 
27.94 18.71 42.11 10.63 27.29 44.09 9.72 32. 30 
Table 2. Regression parameters for water use efficiency for grain (WUEg) and for 
total above ground dry matter (WUEt) as a function of environmental index 
for selected cultivars 
a b 
wuEa 
S'^d R: a 
WUEt 
b S^d R: 
Potam 4.4 .002 2.3 0.71* 15.8 .004 8.3 0.69* 
Nasma 5.8 .001 3.8 0.33 19.0 .002 5.8 0.56 
Florelle 1.3 .001 1.4 0.66* 14.0 .007 16.7 0.78* 
Keyperounda 2.3 .001 2.3 0.52 17.5 .004 16.4 0.52 
Cocorit 3.8 .002 3.8 0.66* 12.4 .006 37.0 0.55 
Arig 8 0.4 .004 7.3 0.74* 12.1 .008 20.5 0.78* 
ACSAD 60 6.7 .002 20.1 0.18 26.2 .002 88.3 0.08 
All cultivars 3.5 .002 11.4 0.24** 16.7 .005 30.8 0.39** 
* Significant at 0.05 probability level. 
** Significant at 0.01 probability level. 
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Potam, these values were obtained under rather intermediate 
levels of irrigation and not under the most favorable 
environment (wet treatments). Another important result is 
the level of WUEg achieved under the poorest environment. 
Newer cultivars Potam, Nasma, Cocorit, and ACSAD 60 had 
similar WUEg, around 6 kg/ha~^ mm"^, which is similar to 
what cultivars, Florelle, Keyperounda and Arig 8 achieved 
under more favorable environments. 
Water use efficiency for above ground dry matter (WUEt) 
(Table 1) increased as the environment became more 
favorable. It varied from 17.0 to 45.0 kg ha~^ mm~^. Under 
dryland conditions ACSAD 60 was the most efficient as shown 
by its higher intercept, followed by Nasma (Table 2). 
However, in response to improvements in the environment, 
Arig 8, Florelle and Cocorit had the highest regression 
coefficients (b = 0.006 to b = 0.008). The regressions were 
significant for Potam, Florelle and Arig 8 with values = 
0.69, 0.78, 0.78 respectively which confirms the results 
obtained using WUEg. 
Correlations between WUEg and ET (total 
évapotranspiration) and/or yield (data not shown) indicated 
that WUEg was explained essentially by yield with = 0.92 
when all cultivars were considered and R^ = 0.77, 0.78, 
0.81, and 0.76 for Potam, Florelle, Keyperounda and Arig 8, 
respectively. These correlations were significant at a 0.05 
probability level. The R^ values for Nasma, ACSAD 60 and 
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Cocorit were 0.44, 0.55, and 0.57 respectively but 
nonsignificant. The for ET were very low and 
nonsignificant. Furthermore, when ET and yield were used 
together, the improved to 0.97-0.99 and were highly 
significant. Considering the water regimes, WUEg was always 
negatively correlated to ET and the correlations were highly 
significant in 1985-86; dryland R^ = 0.85, intermediate R^ = 
0.60, and wet R^ = 0.89. 
Table 3 presents the water use (ET) components in 
1986-87 under dryland and wet regimes. From this table it 
can be inferred that within a moisture regime, seasonal 
water uses for different cultivars were similar. However, 
when water uses at anthesis and post-anthesis were compared, 
large differences were observed. Thus, under dryland 
conditions the percent ET used in post-anthesis varied from 
1% (Florelle) to 26% (Potam) due to differences in the 
anthesis dates. The same trend was observed under wet 
regime with higher values. Florelle had only 5% of ET to 
use during post-anthesis, Keyperounda 15%, and early 
cultivars around 30%. 
The estimated soil evaporation (Esc) under crops also 
is shown. It represents 38 to 47% of the total ET under 
dryland conditions and only 20 to 30% under wet regime. 
Seasonal transpiration varied from 127 mm to 159 mm under 
Table 3. Water use components in the 1986-87 growing season 
of selected cereal cultivars under dryland and wet 
regimes 
Dryland regime (Water received = 251 mm) 
Post-
ET ETa ETp anthe- ESc % T 
(mm) (mm) (mm) sis % (mm) ET (mm) 
Potam 248. 30 H
 00
 
.30 64. 0 26 110 44 138. ,3 
Nasma 245. 70 186. 90 58. 8 24 110 45 135. ,7 
Florelle 242. 20 239. 20 3. 0 1 97 40 145. 2 
Keyperounda 236, .80 214. 80 22, .0 9 110 47 126. 8 
Cocorit 244. 10 185, .10 59, .0 24 110 45 134. 0 
Arig 8 248, .60 199, .80 48, .80 20 90 36 158. 6 
ACSAD 60 242. 10 196, .70 45, .40 19 90 37 152, .1 
SE: ET =0.69 
ETa = 3.46 
ETp = 3.18 
T = 1.75 
Esc = 2.44 
ET = Evapotranspiration form emergence to physiological 
maturity (total water use). 
ETA = Evapotranspiration from emergence to anthesis. 
ETp = Evapotranspiration from anthesis to physiological 
maturity (post-anthesis). 
Esc = Soil evaporation under crop (whole season). 
T = Transpiration (whole season). 
114 
Wet regime (Water received = 381 mm) 
Post 
ET ETa ETp anthe- Esc % T 
(mm) (mm) (mm) sis % (mm) ET (mm) 
362.6 250.1 112.5 31 110 30 252.6 
386.0 262.6 123.4 32 110 29 276.0 
393.5 372.8 20.7 5 80 20 313.5 
374.7 320.1 54.6 15 80 21 294.7 
382.3 252.3 130.0 34 110 29 272.3 
374.9 253.2 121.7 33 80 21 294.9 
378.6 274.1 104.5 28 80 21 298.6 
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dryland conditions and from 253 to 314 mm under irrigated 
conditions. 
Table 4 shows transpiration efficiency for grain yield 
(TEg) and total above ground dry matter (TEt) in 1986-87 for 
dryland and wet regime. TEg varied from 3.6 kg/ha"^ mm~^ 
(Florelle) to 12.0 kg/ha""^ mm~^ (Nasma) under dryland regime 
and from 8.1 kg/ha"^ mm~^ (Florelle) to 15.1 kg/ha"^ mm~^ 
(Potam) under wet regime. Whereas, TEt varied from 31.0 
kg/ha"^ mm~^ (Arig 8) to 38.7 kg/ha"^ mm~^ (Nasma) and from 
32.8 kg/ha"^ mm"^ (Keyperounda) to 45.8 kg ha~^ mm~^ (Arig 
8) under dryland and wet regimes, respectively. 
When correlations between grain yield and total dry 
matter with T instead of ET were performed (data not shown), 
the significantly improved to 0.91 and 0.95, 
respectively, meaning that T explained yield and dry matter 
better than ET. Furthermore, WUEg variation was better 
explained by T than ET (R = 0.92), and finally, 
transpiration explained better variation in TEt than in TEg, 
with R^ = 0.70 and 0.14, respectively. 
Grain yield, total above ground dry matter and yield 
components were correlated to water use and its components 
(data not shown). Yield was positively and significantly 
correlated to ET, Potam (R^ = 0.67), Florelle (0.74), 
Keyperounda (0.72). The same result was obtained when 
évapotranspiration at anthesis (ETa) was used, Nasma 
(R^ = 0.68), Keyperounda (R^ = 0.84). Considering water 
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Table 4. Transpiration efficiency (kg ha~ nun" , for grain 
(TEg) and for above ground dry matter (TEt) for 
the 1986-87 growing season under dryland and wet 
regimes 
Dryland Wet 
regime regime SE 
TEg TEt TEg TEt TEg TEt 
kg ha'^mm"^ 
Potam 11.6 36.2 15.1 37.9 0.45 3.52 
Nasma 12.0 38.7 11.7 35.0 0.95 1.77 
Florelle 3.6 35.0 8.1 43.6 0.50 8.00 
Keyperounda 4.6 37.4 8.4 32.8 0.24 3.21 
Cocorit 10.6 31.4 14.5 35.8 0.04 1.61 
Arig 8 4.6 31.0 15.0 45.8 2.23 1.34 
ACSAD 60 9.7 35.2 13.5 34.6 1.70 2.32 
SE TEg 3.26 
SE TEt 6.26 
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regimes (environments), yield was negatively and 
significantly correlated to ETa in four cases out of six: 
Dryland 87 (0.73), Dryland 86 (0.60), Wet 87 (0.69), and Wet 
86 (0.69). Post-anthesis évapotranspiration (ETp) was 
positively and significantly correlated to yield, Potam 
(R^ = 0.90), Cocorit (R^ = 0.62). For different 
environments, ETp was correlated positively and 
significantly to grain yield in 1986-87 but not in 1985-86: 
dryland (R^ = 0.70), intermediate (R^ = 0.58), and wet 
(R^ = 0.69). 
Total above ground dry matter was in general positively 
and significantly correlated to ET: Potam (R^ = 0.72), 
Nasma (R^ = 0.85), and Keyperounda (R^ = 0.82); and to ETa; 
Nasma (R^ = 0.92); and to ETp; Potam (R^ = 0.88), Nasma 
(R^ = 0.69), Florelle (R^ = 0.82) and Keyperounda 
(R^ = 0.80). 
Grains per m~^ were positively and significantly 
correlated to ETa for Nasma (R^ = 0.70) and Keyperounda 
(R^ = 0.76). The same trend for number of grains per spike 
were observed; Potam (R^ = 0.79), Nasma (R^ = 0.81), 
Keyperounda (R^ = 0.76), and Cocorit (R^ = 0.72). 
HI was not correlated to any water use component when 
cultivars are considered. However, within water regimes, HI 
was negatively and significantly correlated to ETa: Dryland 
87 (R^ = 0.78), Dryland 86 (R^ = 0.87), Intermediate 87 
(R^ = 0.76), Wet 87 (R^ = 0.84), and Wet 86 (R^ = 0.54). 
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Moreover, HI was positively and significantly correlated 
with ETp in 1986-87 dryland (R^ = 0.74), intermediate 
(R^ = 0.85), and wet (R^ = 0.81). No significant 
correlations were observed between kernel weight and water 
use components. 
Table 5 presents residual water at physiological 
maturity under different environments. It can be inferred 
that in 1986-87 environments there was more available water 
than in 1985-86 environments. This table also shows that 
cultivars had uptaken soil water differently. Moreover, 
there was less plant available water under irrigated regimes 
at physiological maturity. 
Dry Matter Production, Leaf Area, and Phenology 
Total dry matter at harvest was presented in an earlier 
paper. Dry matter at anthesis in 1986-87 (Table 6) varied 
from 3246 to 5667 kg ha"^ under dryland regime, from 4300 to 
6677 kg ha~^ under intermediate water regime, and from 5277 
to 13652 kg ha"^ under wet regime. MANOVA analysis showed a 
highly significant linear effect of water regime. The 
contrast analysis indicated a highly significant difference 
between Nasma vs. Florelle, Cocorit vs. Keyperounda, and new 
cultivars Nasma, Potam, Cocorit, and ACSAD 60 vs. old 
cultivars Florelle and Keyperounda. MANOVA analysis 
performed on dry matter sampled on February 7, 1987 did not 
Table 5. Residual water at physiological maturity under 
different environments. Soil upper limit 
(UL) = 431.0 mm; soil lower limit (LL) = 226.5 mm 
EI; 1138 1962 2139 
(86-87) (85-86) (86-87) 
SW PAW SW PAW SW PAW 
mm 
Potam 308.1 81.6 272.0 45.5 308.0 81.3 
Nasma 305.9 79.4 290.0 63.5 306.1 79.6 
Florelle 314.5 88.0 264.9 38.4 305.9 79.4 
Keyperounda 314.3 87.0 269.9 43.4 305.4 78.9 
Cocorit 315.5 89.0 280.8 54.3 296.7 70.2 
Arig 8 321.1 94.6 260.7 34.2 327.0 100.5 
ACSAD 60 302.1 75.6 298.1 71.6 322.5 96.0 
SE 25.2 
EI = Environmental index. 
SW = Soil water. 
PAW = Plant available water = SW - LL. 
SE = Standard error of the mean. 
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3338 3497 3530 
(85-86) (86-87) (85-86) 
SW PAW SW PAW SW PAW SE 
232.2 5.7 308.7 82.2 250.9 24.4 32.1 
249.7 23.2 303.2 76.7 75.8 49.3 20.8 
299.3 72.8 265.0 38.5 255.4 28.9 22.7 
254.3 27.8 309.5 83.0 226.5 0 33.2 
275.1 48.6 290.4 63.9 255.6 29.1 14.8 
280.5 54.0 332.5 106.0 327.5 101.0 33.2 
251.5 25.0 301.4 74.9 257.4 30.9 24.7 
25.2 
Table 6. Dry matter at anthesis (kg ha~ ) (DMAl, green area 
index (GAI), crop growth rate (kg ha~ d~ (C6R) 
prior to anthesis, and number of grains per gram 
dry matter at anthesis for selected cultivars in 
the 1986-87 growing season 
Dryland 
EI = 1138 kg ha"i 
#grain 
DMA GAI CGR g "^DMA DMA 
Potam 3969.0 C
O iH 
100.9 12 4299.6 
Nasma 3986.7 2.2 104.0 9 6709.7 
Florelle 4736.0 3.9 82.5 6 5124.0 
Keyperounda 4716.0 2.1 94.5 3 4657.3 
Cocorit 3245.7 1.7 53.8 9 4341.0 
Arig 8 4198.0 5.8 66.6 9 6677.3 
ACSAD 5666.7 5.1 102.9 5 6544.0 
SE 170.5 0.51 •• 2.68 225.8 
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Intermediate Wet 
EI = 2139 kg ha"i EI = 3497 kg ha"^ 
#grain #grain 
GAI CGR g -^dMA DMA GAI CGR g "^dMA 
3.5 111.0 22 5420.0 5.1 151.1 27 
to
 
205.8 10 5277.3 4.9 140.6 24 
6.8 86.9 11 9107.7 8.9 185.1 13 
in 
91.0 15 9044.0 7.4 184.3 16 
4.2 82.5 18 9003.0 5.0 178.9 18 
o
 
CO 
128.4 15 13652.0 8.2 288.1 13 
5.6 116.4 15 12085.0 6.4 244.6 11 
0.9 — 5.98 290.8 0.68 — 6 
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show any significant effect of water regimes or differences 
between cultivars (data not shown). 
The number of grains per gram of dry matter at anthesis 
(GDM) is also shown in Table 6. Contrasting results are 
observed among genotypes and water regimes. The latter 
improved the number of grains produced per gram dry matter 
for all cultivars. The GDM varied from 3 to 12 under 
dryland regime and 11 to 27 under wet regime. 
Crop growth rates (CGR) between February 7 and anthesis 
showed large differences between cultivars and water 
regimes. The availability of water improved this ratio from 
36% (Nasma) to 330% (Arig 8). 
Maximum green area index (GAI) varied from 1.7 to 5.8 
under dryland conditions, from 3.5 to 8.0 under intermediate 
level, and from 5.0 to 8.2 under wet regime. Contrast 
analysis showed a highly significant cultivar effect. Bread 
wheat and durum wheat cultivars had similar GAI. 
Crop phenology characteristics are presented in Table 
7. Time in days and growing degree days (GDD) for three 
phases are analyzed under dryland and wet regimes in 
1986-87. In general, time to anthesis was two to five days 
longer depending on cultivar under dryland regimes than 
under well-watered regimes. However, the grain filling 
period was shortened by 10 to 12 days. The whole growing 
season was three to nine days longer under the wet regimes. 
Table 7. Time (days), and growing degree days (GDD) under 
two moisture regimes in the 1986-87 growing season 
Drvland reaime 
Emergence Anthesis- Whole 
anthesis 
GDD 
P.M. 
GDD 
season 
GDD 
Days °C Days •c Days °C 
Potam 98 1296 32 234 130 1530 
Nasma 100 1249 38 316 138 1565 
Florelle 130 1598 18 227 148 1825 
Keyperounda 116 1387 32 399 148 1786 
Cocorit 98 1161 45 396 143 1557 
Arig 8 107 1286 31 262 138 1548 
ACSAD 60 107 1284 21 234 128 1518 
SE 12 171 11 57 12 145 
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Wet reaime 
Emergence Anthesis- Whole 
anthesis P.M. season 
ODD GDD GDD 
Days "C Days "C Days "C 
96 1231 42 349 138 1579 
97 1202 48 431 145 1633 
128 1566 29 364 157 1930 
112 1333 39 399 151 1731 
96 1129 51 464 147 1593 
103 1249 41 341 144 1590 
102 1222 33 349 135 1571 
12 171 11 57 12 145 
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Correlations between growth attributes (DMA, GAI, GDD) 
and yield, yield components and water use were performed. 
Table 8 shows values and significance of selected 
correlations. In general, yield, total above ground dry 
matter, and grains were significantly correlated to DMA, 
GAI and DMA + GAI. Considering growing degree days (GDD) 
(data not shown), grain yield was negatively correlated to 
GDD or time to anthesis and to whole season GDD, although 
were very low R^ = 0.31 and 0.27, respectively. 
Moreover, WUEg was highly and negatively correlated to GDD 
anthesis (R^ = 0.58) and GDD whole season (R^ = 0.56) 
meaning early maturing cultivars had higher WUEg. Grains 
m"^ was highly and positively correlated to number of grains 
per gram dry matter at anthesis (GDM) (R? = 0.67). If water 
use efficiency at anthesis was added, R^ improved to 
R^ = 0.90. Variation in dry matter at anthesis (Table 8) 
was essentially explained by GAI: Potam (R^ = 0.65), Nasma 
(R^ = 0.52), Florelle (R^ = 0.60), Keyperounda (R^ = 0.69), 
and Cocorit (R^ = 0.66). The correlations improved by 
adding the number of spikes m"^. 
These results illustrate clearly the importance of pre-
anthesis period for yield determination in the experiments' 
conditions. The importance of GAI in explaining most 
variation in dry matter at anthesis, grains m~^, yield, and 
Table 8. Correlations of yield, total dry matter, and grain 
m" with dry matter anthesis, green area index 
(GAI) and dry matter anthesis with GAI in the 
1986-87 growing season 
Yield correlations Total 
DMA GAI Both DMA 
Potam 0. 66** 0. 83** 0. 84** 0. 73** 
Nasma 0. 00 0. 35 0. 64* 0. 06 
Florelle 0. 89** 0. 72** 0. 92** 0. 88* 
Keyperounda 0. 65** 0. 92** 0. 92** 0. 68** 
Cocorit 0. 93** 0. 74** 0. 95** 0. 86** 
Arig 8 0. 68** 0. 56* 0. 76* 0. 70** 
ACSAD 60 0. 72** 0. 49* 0. 76* 0. 66** 
* Significant at 0.05 probability level. 
** Significant at 0.01 probability level. 
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dry matter Grains m~^ DMA 
GAI Both DMA GAI Both GAI 
0.90** 
0.65** 
0.64* 
0.91** 
0.78** 
0.42 
0.53* 
0.93** 
0.89** 
0.90** 
0.91** 
0.91** 
0.72* 
0.74* 
0.57** 
0.09 
0.94** 
0.77** 
0.95** 
0.35 
0.54* 
0.84** 
0 . 6 6 * *  
0.69** 
0.90** 
0.74** 
0.33 
0.41 
0.84** 
0.82** 
0.69** 
0.93** 
0.97** 
0.41 
0 . 6 0  
0.65** 
0.52* 
0.60*  
0.69** 
0.66** 
0.41 -
0.39 
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total above ground dry matter indicates the importance of 
solar radiation interception in a semi-arid environment. 
Growth Efficiency 
Efficiency in conversion of solar radiation to produce 
dry matter (Ec) at anthesis and for the whole season, as 
well as growth efficiency (Eg), is analyzed below (Tables 9, 
10). 
Table 9 shows the Ec and Eg at anthesis in the 1986-87 
growing season under three water regimes. Except for Potam 
and Nasma, the efficiencies were reduced from irrigated to 
dryland regimes: Florelle (33%), Keyperounda (9%), Cocorit 
(35%), Arig 8 (67%), and ACSAD 60 (49%). Table 10 presents 
Ec and Eg over two years for total above ground dry matter. 
Efficiencies were reduced from irrigated treatments to 
dryland treatments; Potam (9%), Nasma (18%), Florelle 
(58%), Keyperounda (4%), Cocorit (21%), Arig 8 (66%), ACSAD 
60 (43%) in 1986-87. In 1985-86, the reductions were 
higher: Potam (57%), Nasma (53%), Florelle (58%), 
Keyperounda (42%), Cocorit (49%), Arig 8 (56%), and ACSAD 60 
(35%). Whole season Ec as well as Eg were correlated to the 
environmental index (data not shown) (R^ = 0.57), and 
Table 9. Average solar radiation conversion efficiency for total above ground dry 
matter (EC = g dM MJ'^) and growth efficiency (Eg%) at 50 days after 
emergence and at anthesis, in the 1986-87 growing season, under three 
water regimes 
Anthesis 
50 days 
after Interme-
emeraence Dryland diate Wet 
EC Eg% EC Eg% EC Eg% EC Eg% 
Potam 0.95 1.7 2.39 4.2 1.78 3.1 1.92 3.4 
Nasma 0.80 1.4 2.15 3.8 2.56 4.5 1.89 3.3 
Florelle 0.89 1.6 1.59 2.8 1.42 2.5 2.42 4.2 
Keyperounda 0.80 1.4 2.23 3.9 1.47 2.6 2.45 4.3 
Cocorit 0.92 1.6 1.76 3.1 1.40 2.5 2.73 4.8 
Arig 8 0.85 1.5 1.22 2.1 1.79 3.1 3.66 6.4 
ACSAD 60 0.60 1.1 1.70 3.0 1.92 3.4 3.38 5.9 
Table 10. Average solar radiation conversion efficiency 
for total above ground dry matter (EC = g MJ ) 
and growth efficiency (Eg = %) for whole growing 
season over two years under different 
environments for selected cultivars 
1138 1962 2139 
EI kg ha~^ EC Eg EC Eg EC Eg 
Potam 1.72 3.0 0.93 1.6 1.53 2.7 
Nasma 1.56 2.7 0.94 1.6 1.33 2.3 
Florelle 0.80 1.4 1.16 2.0 1.23 2.2 
Keyperounda 1.40 2.5 1.26 2.2 1.34 2.3 
Cocorit 1.53 2.7 1.06 1.9 1.48 2.6 
Arig 8 0.69 1.2 1.13 2.0 1.22 2.1 
ACSAD 60 0.94 1.6 1.39 2.4 1.37 2.4 
SE EC = 0.31 
Eg = 0.54 
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3338 3497 3530 SE 
EC Eg EC Eg EC Eg EC Eg 
1.58 2.8 
1.64 2.9 
1.84 3.2 
1.83 4.0 
1.87 3.3 
1.56 2.7 
2.24 3.9 
1.91 3.3 
1.89 3.3 
1.87 3.3 
1.51 2.6 
1.96 3.4 
1.98 3.5 
1.59 2.8 
2.10 3.7 
1.93 3.4 
2.77 4.8 
2.19 3.8 
2.12 3.7 
2.55 4.5 
2.12 3.7 
0.39 0.69 
0.32 0.56 
0.35 0.60 
0.28 0.65 
0.27 0.46 
0.31 0.57 
0.26 0.45 
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Florelle (R^ = 0.80), Arig 8 (R^ = 0.82), ACSAD 60 (R^ = 
0.77). Furthermore, growth efficiency explained yield 
variation for Potam (52%), Nasma (54%), Florelle (80%), 
Cocorit (68%), Arig 8 (81%), and ACSÀD 60 (74%). It also 
explained variation in total above ground dry matter: Potam 
(60%), Nasma (74%), Florelle (55%), Keyperounda (68%), 
Cocorit (72%), Arig 8 (89%), and ACSAD 60 (93%). 
Plant Water Relationships 
Only two contrasting regimes, i.e., dryland and wet 
regimes, were studied during the 1986-87 growing season. 
The attributes considered are predawn (P\J) and midday 
(M#) leaf water potentials, leaf stomatal conductance (G(s)) 
and transpiration (J), and canopy temperature, as well as 
differential temperature between canopy and ambiant air. 
Figures 1 to 5 and Appendix tables illustrate the seasonal 
variation of these attributes from 70 days to 130 days after 
emergence; i.e., during the period around anthesis, a very 
critical period for grain yield determination in cereal 
crops. 
Transpiration and stomatal conductance 
Under dryland conditions, stomatal conductances varied 
among genotypes (Fig. la) from 0.52 10~^ms"^ to 1.34 
10~^ms~^ in the pre-anthesis phase, from 0.1610""^ ms~^ to 
0.65 10~^ms~^ at anthesis, and from 0.1510~^ ms~^ to 
2.4 
Z" 1.8 
1.2 
"cô .6 
— Potam 
— Florelle 
Acsad 60 
X ± ± L 1 I 1 
86 87 93 101 108 110 128 133 135 
Days from emergence 
Fig. la. Leaf Stomatal Conductance for three selected 
cultivars under dryland regime in 1986-87 growing 
season at Settat (33° N Lat), Morocco 
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0.4010*2 ms"^ in the post anthesis phase. Hence, there was 
a decrease in stomatal conductances as the growing season 
approached the end. The transpiration (Fig. 2a) followed 
the same trends reaching low levels during post-anthesis 
(3.3 to 6.7 ng 
In the pre-anthesis period, Potam, Nasma, Cocorit and 
Keyperounda had higher conductances and transpiration. 
Barley cultivars and Florelle had lower conductances over 
the whole season.. Under wet regime, higher conductances 
(Fig. lb) and transpirations (Fig. 2b) were observed during 
the whole period owing to more available water. However, 
the same trend in decreasing from pre-anthesis to 
post-anthesis was maintained like under the dryland regime. 
Cocorit maintained higher values of conductance and 
transpiration over the three growth phases. Barley 
cultivars did not differ from wheat cultivars under more 
favorable conditions. 
Predawn (Pé) and middav (Mrb) leaf water potentials 
Under dryland conditions both predawn (Fig. 3a) and 
midday (Fig. 4a) leaf water potentials decreased from 
pre-anthesis to post-anthesis; i.e., becoming more negative 
due to less available soil moisture. During pre-anthesis 
period P^ varied from -0.34 MPa to -0.79 MPa and from 
-1.44 MPa to -1.85 MPa. At anthesis, old cultivars Florelle 
and Keyperounda reached very low (more negative) P^ -1.85 
2.5 
2.0 
1.5 
1.0 -
.5 — 
0 
86 
— Potam 
Florelle 
Acsad 60 
H W 
m 
I J. X 1 1 ± X 1 
87 93 101 110 118 128 
Days from emergence 
133 135 
Fig. lb. Leaf Stomatal Conductance for three selected 
cultivars under irrigated regime in 1986-87 growing 
season at Settat (33° N Lat), Morocco 
Potam 
Florelle 
Acsad 60 
I I I I I I I I 
\e 87 93 101 110 118 128 133 135 
Days from emergence 
Fig. 2a. Leaf Transpiration for three selected cultivars 
under dryland regime in 1986-87 growing season at 
Settat (33° N Lat), Morocco 
— Potam 
— Florelle 
Acsad 60 
I I I I I I I I 
16 87 93 101 110 118 128 133 135 
Days from emergence 
Fig. 2b. Leaf Transpiration for three selected cultivars 
under irrigated regime in 1986-87 growing season at 
Settat (33° N Lat), Morocco 
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and -1.79 MPa and of -2.17 MPa and -2.20 MPa, 
respectively. This trend continues until the end of the 
season when of -2.88 MPa and -2.70 MPa were observed for 
Florelle and Keyperounda, respectively. In general barley 
cultivars had very low M^, The same trend was observed 
under wet regime with higher values (less negative)(Figs. 
3b, 4b). 
Canopy temperatures 
Under dryland regime and during pre-anthesis phase, the 
cultivars studied had similar canopy temperatures varying 
from 24.6C to 21.IC, with differences between canopy and 
ambiant air temperature (ATC) ranging from -1.9 to -3.0C 
(Fig. 5a), which means that all cultivars had lower 
temperatures than air temperature. Yet, during this phase, 
all cultivars had high levels of transpiration. At 
anthesis, canopy temperatures were higher by 1 °C to 5 °C 
than in the pre-anthesis period, except for barley, which 
had surprisingly very low temperatures. AT were very low, 
varying from -1.3 "C for Potam and barley cultivars, -0.7 
for Nasma, and 0.2 for Florelle and 0.8 for Keyperounda, 
indicating that canopy temperatures were approaching air 
temperatures. Transpiration levels could not maintain 
temperatures at lower values. The same trend in canopy 
temperature was observed during post-anthesis phase. Under 
the wet regime, the canopy temperatures were in general 
0.3 
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Fig. 3a. Leaf predawn water potential for three selected 
cultivars under dryland regime in 1986-87 growing 
season at Settat (33° N Lat), Morocco 
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Fig. 3b. Leaf predawn water potential for three selected 
cultivars under irrigated regime in 1986-87 growing 
season at Settat (33° N Lat), Morocco 
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Fig. 4a. Leaf midday water potential for three selected 
cultivars under dryland regime in 1986-87 growing 
season at Settat (33° N Lat), Morocco 
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Fig. 4b. Leaf midday water potential for three selected 
cultivars under irrigated regime in 1986-87 growing 
season at Settat (33° N Lat), Morocco 
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Fig. 5a. Temperature difference between air and canopy for 
three selected cultivars under dryland regime in 
1986-87 growing season at Settat (33° N Lat), 
Morocco 
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lower than under dryland regime by 2 °C to 5 "C, and AT were 
more negative. AT varied from -4.3 °C to -5.1 "C during 
pre-anthesis, from -3.1 °C to -6.4 °C at anthesis, and from 
-2.2 °C to -3.5 °C during post-anthesis phase (Fig. 5b). 
The plot of stomatal conductances against midday water 
potentials (data not shown), indicated a M\& threshold for 
stomatal closure; hence, for Keyperounda (-1.4 MPa), Potam 
and Cocorit (-1.5 MPa), Nasma and ACSAD 60 (-1.6 MPa), Arig 
8 (-1.7 MPa) and Florelle (-1.8 MPa); whereas, the plot of 
KtJ) against T "C showed a net relationship for Florelle and 
barley cultivars between these two attributes. High M^ 
(less negative) were observed with large negative AT and 
very low (more negative) M\i were observed with small or 
positive AT, meaning that as canopy temperature approached 
air temperature M^ became more negative. 
Finally, when grain yield was plotted against average 
AT (Fig. 6), there was a strong negative relationship. In 
other words, the more negative the average AT over the 
growing season, the higher the grain yield. Indeed, was 
equal to 0.75 and highly significant. 
Potam 
Florelle 
Acsad 60 
76 86 87 89 101 108 110 118 132 133 
Days from emergence 
Fig. 5b. Temperature difference between air and canopy for 
three selected cultivars under irrigated regime in 
1986-87 growing season at Settat (33° N Lat), 
Morocco 
4000 
 ^ 3000 
I ( JZ 
g 
2 
m 2000 
> 
c 
2 
o 1000 
°5 
• 
—» 
• 
• 
• 
— 
. # 
Y = 193.a3-753.83AT 
• • R2 = 0.75 
n = 21 
• » 
* 
-
1 1 1 1 
4 -3 -2 -1 
Air-Canopy Temperature (AT.C) 
0 
H 
vj 
Fig. 6. Relationship between yield and difference of canopy 
and air temperature in 1986-87 growing season at 
Settat (33* N Lat), Morocco 
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DISCUSSION 
The results presented here describe performances of 
selected wheat and barley cultivars widely used by Moroccan 
farmers. In another paper, performance of these genotypes 
was analyzed in terms of yield stability, drought resistance 
and yield/yield component relationships (ElMourid et al., 
1988). Thus, cultivars were grouped under two behavioral 
types; 1) Cultivars that were more drought resistant; i.e., 
Nasma, ACSAD 60 and Potam. These cultivars maintained 
higher yields under dryland conditions. 2) Cultivars that 
were drought susceptible; i.e., Cocorit, Keyperounda, 
Florelle and Arig 8. Though Arig 8 and Cocorit were highly 
responsive to improvement in the environment; i.e., water 
availability. Herein, their performance is evaluated in 
terms of water use (ET), transpiration efficiency (TE), 
solar radiation conversion ( E ^ ), and growth efficiency ( E g ) ,  
as well as physiological responses under different moisture 
regimes. 
The grain water use efficiency (WUEg) results indicate 
different responses of cultivars to available water. Nasma, 
Florelle and Keyperounda had similar WUEg over moisture 
regimes, whereas for Arig 8 WUEg improved greatly with 
increased water availability. Potam, Cocorit and ACSAD 60 
had intermediate responses, but tended to improve with the 
environment. The results are in concordance with some 
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statements of Kanemasu (1983), who indicated variability in 
WUE with cultivar and environment. The levels of WUEg 
reached are in the range reported for wheat in a semi-arid 
region by Bouchoutrouch (1986); i.e., 2.8 - 13.0 kg 
ha~^mm"^, and Mazhar (1987); i.e, 3.7 - 14.0 kg ha~^mm~^. 
The maximum average WUEg was reached by ACSAD 60, with 19 kg 
ha~^mm~^. French and Shultz (1984a) reported a maximum of 
20 kg ha~^mm"^ for wheat in an Australian environment. 
Considering the above ground dry matter water use efficiency 
(WUEt), for all cultivars, WUEt improved with water 
availability; maximums of 42-45 kg ha~^mm~^ were reached 
under more favorable environments by Arig 8, ACSAD 60 and 
Florelle. French and Schultz (1984a) reported 55.0 kg 
_ —1 ""1 ha mm . 
In the 1985-86 growing season there was a negative 
correlation between WUEg and water use (ET), but this was 
not observed in 1986-87. This indicates that under high ET, 
the cultivars studied could not produce more grain. This 
agrees with Aggarwall et al. (1986) who reported the same 
result. Indeed, drought was less severe in 1985-86 than in 
1986-87 and there was late rainfall in the former season 
that went into ET but was not used for grain production. 
Moreover, the old cultivars Keyperounda and Florelle are 
late maturing, thus, they have higher ET but lower grain 
potential. The difference between genotypes increased if 
one considered transpiration efficiency (TE) instead of WUE. 
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For grain, TE showed two distinguished groups; Potam, Nasma, 
Cocorit and ACSAD 60 which are the new cultivars, and a 
second group; Florelle, Keyperounda and Arig 8 which were 
the old cultivars. Under dryland conditions TEg ranged from 
9.7 to 12.0 kg ha"^inm"^ for the first group and from 3.6 to 
4.6 kg ha'^mm"^ for the second group. The same trend was 
observed under wet regime with the exception of Arig 8, 
which had TEg similar to the first group (12.0 - 15.0 kg 
ha~^mm~^). The second group had about 8.0 kg ha~^mm 
For total dry matter transpiration efficiency there was no 
clear-cut pattern between genotypes or water regimes. This 
latter observation is in agreement with the analysis of 
Cooper et al. (1987b) who stated 
...there seems little prospect at present of 
radically altering TE (for total dry matter) of 
crop production in Mediterranean regions except by 
more rapid crop development and increased rate 
during the winter period when the saturation 
deficit is low.... 
The same author reported maximum TE of 42.0 - 45.0 kg 
ha~^mm~^, which were achieved in our conditions by Florelle 
and Arig 8. 
These results bring about the importance of considering 
ET (water use) in terms of its two components, i.e., soil 
evaporation (Esc) and crop transpiration (T). Our results 
show that soil evaporation in 1986-87 varied from 80 to 110 
mm for the whole season. French and Schultz (1984a) 
reported 110 mm in Australia and 100-120 mm in Great Plains 
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USA, while Cooper et al. (1987a) reported 124-172 mm in 
northern Syria. Siddique and Sedgley (1987) reported 75 to 
125 mm under a chickpea crop in Australia. In our 
conditions. Esc was higher under dryland than under wet 
regime. This might be due to timing of irrigations which 
were applied too late, and/or to greater cover which lasted 
under wet regimes. This soil evaporation constitutes 37 to 
47% of total ET under dryland and 20 to 30% under wet 
regime. A large part of soil evaporation occurred early in 
the season; i.e., in the first 60 days when LAI were very 
low (0.5 to 0.6), except for ACSAD 60 which had an LAI = 
1.27. Furthermore, most of the solar radiation caused soil 
evaporation because the crop intercepted very low levels of 
solar radiation (40 MJ m"^) except ACSAD 60, which 
intercepted 100 MJ m~^ (Appendix). Loomis (1983) and Cooper 
et al. (1987a) reported similar results. 
The manner in which water use was partitioned between 
pre-(ETa) and post anthesis (ETp) is also important. A 
higher percentage of the ET left for grain filling was 
observed with cultivars reaching anthesis earlier. These 
cultivars had from 45 to 64 mm for grain filling under 
dryland regime, representing 20 to 26% of whole season ET. 
Aggarwall et al. (1986) reported 42 mm (30%) in their 
conditions. A striking result is the amount of ET left for 
post-anthesis for Florelle and Keyperounda; i.e., 3 and 22 
mm, respectively, representing 1% and 9% of the whole season 
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water use. The same results were observed under wet regime 
with higher ETp. The lower water availability during grain 
filling was associated with shorter grain filling period 
(Hamadi, 1987; Mekni and ElMourid, 1987). 
The levels of ET observed here are similar to the 
results of Bouchoutrouch (1986) and Mazhar (1987), who 
worked in the same region over different years. 
Nevertheless, the ET values observed are lower than what is 
reported by Australian workers or Cooper et al. (1987a) and 
Stapper (1984) for northern Syria for similar rainfall 
levels. One reason for this difference is that crops under 
our conditions do not extract all plant available water from 
the soil (PAW) throughout the growing season. At harvest 
time there was soil water that plants had not extracted. In 
1986-87, PAW were 85 mm, 84 mm, and 75 mm under dryland, 
intermediate, and wet regimes, respectively. This PAW was 
in the deep horizons (80 to 120 cm). These results confirm 
the results reported by Karrou (1986) for maize in the same 
region. These results discussed herein confirm the 
statement by Kanemasu (1983), "More attention should be 
given to evaluating the two components of ET in order to 
better understand water use in dryland environments". 
Growth analysis shows the importance of green area 
index (GAI) and dry matter production. Large differences in 
GAI were observed among genotypes and between water regimes. 
Late cultivars Keyperounda and Florelle and barley cultivars 
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developed higher GAI, whereas Potam, Nasma and Cocorit had 
lower GAI, especially under dryland regime. In general, 
dryland conditions reduced GAI drastically. The same 
reductions were observed for dry matter at anthesis which 
was highly decreased under dryland regime. These low dry 
matter at anthesis under stress conditions might be due to 
insufficient GAI which was very sensitive to lack of water 
especially in the months before anthesis (Fisher, 1981; 
Hsiao, 1982). At the same time low crop growth rates (CGR) 
were observed under dryland conditions with large 
differences among genotypes. Potam, Nasma and ACSAD 60 had 
rates under dryland conditions which reached 100 kg 
ha-ld-1. 
Growth efficiency (Eg), which is defined as the product 
of solar radiation conversion to dry matter efficiency (Ec), 
and caloric value of the crop (17.5 x 10~^ MJ g~^), confirms 
the effects of water regimes on growth where growth 
efficiency was reduced up to 66% for Arig 8 due to lack of 
water, although there were differences between the two 
growing seasons. The levels reached under dryland 
conditions are similar to results reported by Ameziane 
(1986) and Lage (1987) for grass crops in Mediterranean 
environments. 
The Ec observed are smaller than those reported by 
Gallagher and Biscoe (1978), who found an average value of 
2.2 g DM MJ~^ for cereals under British conditions, and by 
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Monteith (1981) for C3 crops. However, at anthesls Ec were 
higher, and under irrigated conditions all cultivars except 
Potam and Nasma had Ec greater than 2.0 g DM MJ"^. Arig 8 
reached a value of 3.7 g DM MJ"^. There is an indication 
from these results that higher growth efficiencies are 
associated with high yields except for Florelle and 
Keyperounda. Their yields were lower because of lower HI. 
Nonetheless, for a cultivar higher yield means higher Eg and 
higher solar radiation interception and absorption. 
Therefore, the amount of light intercepted by a crop is a 
major determinant of production as Monteith (1981) pointed 
out. A corollary for this statement is the occurrence of 
green and healthy leaf and stem area over a large part of 
the growing season, especially early in the season. It is 
possible from these results to infer that water water stress 
limits yields via limitations put upon growth as shown by 
Hsiao (1982). 
The phenology data pinpointed the importance of 
anthesis date in a semi-arid environment. Cultivars with 
early anthesis dates performed better than old, 
late-maturing cultivars which confirms Fisher's (1981) 
statement about ideotype cultivar in a Mediterranean 
environment, i.e., "cultivars which permit earlier flowering 
would further improve yields". 
The results presented here indicate strongly that to 
improve crop production in a semi-arid region where crops 
155 
are water-limited, it is important to have a balance in dry 
matter production between the two periods in which the yield 
processes occur, i.e., pre-anthesis and post-anthesis 
phases. Other workers have already confirmed this 
hypothesis, including Fisher (1981); Fisher (1985); Loomis 
(1983); Aggarwall et al. (1986); Steiner et al. (1985); and 
Giminez and Fereres (1986). 
ElMourid et al. (1988) have shown the importance of the 
pre-anthesis phase for yield determination. The data 
discussed herein bring more evidence. Indeed, maximum GAI, 
dry matter at anthesis, number of grains per gram dry matter 
at anthesis, water use efficiency at anthesis and sum of 
growing degree at anthesis are all traits established during 
the pre-anthesis period and played a major role in yield 
variation. Dry matter at anthesis was highly correlated to 
grain yield and, depending on cultivar, explained from 61% 
to 93% of yield variation, whereas GAI alone explained 49% 
to 92% and when they were used together they explained 64 to 
95% of yield variation. This agrees with the results of 
Steiner et al. (1985), who showed close relationships 
between dry matter at anthesis and grain yield. The number 
of grains per gram dry matter at anthesis explained 67% of 
grain m~^ variation, and when used together with water use 
efficiency at anthesis it explained 90%. CDD at anthesis 
had significant negative effects on grain yield even though 
the relationship was loose (R^ = 0.31). However, GDD 
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explained 58% of grain water use efficiency variation. 
Furthermore, GAI explained a large part of variation in dry 
matter at anthesis, i.e., 52 to 69% depending on the 
cultivar. Finally, water use at anthesis had a positive 
effect on grains but a negative effect on HI. These 
results also illustrate the importance of solar radiation 
interception and conversion. In general, within a cultivar 
yield increased with higher growth efficiency. The 
physiological attributes measured, such as leaf stomatal 
conductance, leaf water potential and canopy temperature, 
support the above analysis. Indeed, as water was available 
in the pre-anthesis phase and at anthesis, stomatal 
conductance was higher. The results were similar for leaf 
water potential (less negative), but canopy temperatures 
were lower and there was a more negative difference between 
canopy and air temperature. 
The post-anthesis phase role in yield determination 
also is important. In addition this phase more likely 
occurs under stressful conditions, i.e., lack of water, 
increase in temperature, high solar radiation and high 
evaporative demand (Mekni and ElMourid, 1987). Indeed, 
results of this study showed that only 1 to 26% of water use 
under dryland and 5 to 30% under irrigated regimes are left 
for grain filling. Nevertheless, during this phase canopy 
temperatures are nearly the same as or higher than air 
temperatures, stomatal conductances are very low 
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(0.1510~^ins~^ to 0.4010" , and predawn as well as 
midday water potentials are very low (more negative), 
reaching levels of -1.8 MPa and -2.7 MPa, respectively. 
Giminez and Fereres (1986) reported the same results for 
sunflower under a Mediterranean environment. Moreover, the 
sink, i.e., grains m~^, established during the first phase 
has to be filled during this last but important part of the 
crop life cycle. The data show a high positive correlation 
between HI and water use post-anthesis (ETp) in 1986-87. 
Furthermore, and depending on the water regime, ETp 
explained 74% under dryland, 85% under intermediate, and 81% 
under wet regime of yield variation. 
Finally, a very important and promising result was 
shown. It concerns the negative and highly significant 
linear relationship between grain yield and the difference 
between canopy and air temperature (R^ = 0.75). If 
confirmed in other results, AT can be used as a stress 
indicator. Moreover, this technique might be easily used in 
a breeding program. Indeed, Steiner et al. (1985) reported 
the same result for wheat in Australia with an R^ = 0.86. 
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CONCLUSIONS 
To improve grain yield and dry matter production in 
the environment studied, these results indicate water use 
(ET) has to be increased through increasing water extraction 
from deep horizons. A maximum proportion of this ET should 
be oriented to crop transpiration by minimizing soil water 
evaporation, especially early in the season by obtaining 
early rapid growth and ground cover. Optimum time to 
anthesis has to be determined. Indeed, cultivars reaching 
anthesis no later than the first week of March would perform 
very well. These cultivars should have maximum green area 
index of not more than 5.0. Amount of dry matter at 
anthesis should match water availability, and 4000 to 6000 
kg ha~^ should be enough to efficiently use the semi-arid 
environment. Cultivars Nasma, Potam, ACSAD 60 and Cocorit 
were the most efficient in this study. Finally, an infrared 
thermometer is a useful tool for physiological (and perhaps 
selection) studies in semi-arid environments. 
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PAPER IV. TESTING AND VALIDATING OF A WHEAT CROP MODEL 
IN A SEMI-ARID REGION 
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INTRODUCTION 
Crop growth simulation models present considerable 
promise as tools for predicting crop yield response to 
biotic and abiotic environments. During the last two 
decades many crop models have been built around the world 
(Ameziane, 1986; Day, 1985; France and Thornley, 1984; 
Stapper, 1986). Whisler et al. (1986) reviewed use of crop 
simulation models in agronomic systems and summarized 
reasons for building crop models as 1) aids in interpreting 
experimental results; 2) agronomic research tools; and 3) 
agronomic grower tools. 
The processes of modeling consist of many steps as 
reviewed by Dent and Blackie (1979). These steps can be 
divided into three major phases; 1) model construction; 2) 
model testing and evaluation; and finally 3) model use. 
The second phase requires an appropriate model and 
independent reliable experimentatal data in order to compare 
model outputs and predictions to field observations (Whisler 
et al., 1986). Furthermore, this phase has always been a 
weak link in model building because it is time consuming and 
requires many years of independent field experiments (Dent 
and Blackie, 1979; France and Thornley, 1984). However, it 
is considered a very important stage because it helps decide 
whether the model is useful, needs more work and tuning, or 
whether to completely reject the model. Dent and Blackie 
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(1979) and Otter et al. (1986) reviewed the methods and 
criteria to evaluate a model. Statistical assessment based 
mainly on simple regression analysis is the most used. 
However, a subjective assessment based on simple graphical 
display of model-output in relation to observed data has 
been advocated because of major problems remaining in 
interpreting the statistical assessment results (Dent and 
Blackie, 1979). 
The Ceres-wheat model is among crop models that have 
been produced and intensively evaluated in the last decade 
(Ritchie, 1984; Otter and Ritchie, 1984; Otter et al., 
1986). Stapper (1984a,b) modified an early version of 
Ceres-wheat model for the Mediterranean environment; i.e., 
SIMTAG (Simulation of Triticum aestivum Genotypes). SIMTAG 
has shown considerable promise as a tool for estimating crop 
growth and yield response to stressful Mediterranean 
environments, for assisting in defining breeding strategies, 
and monitoring crop management (Harris et al., 1987). In 
addition to features of the Ceres-wheat model as explained 
by Ritchie (1984) and Stapper (1984a), SIMTAG can help in 
risk analysis for strategic planning, within-year management 
decisions, assistance with farm decision making, large area 
yield forecasting, and finally definition of research needs. 
Our objectives were to evaluate SIMTAG in a the 
semi-arid region of Morocco by comparing model outputs to 
field experiment results for several crop attributes. Four 
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major crop growth processes are considered: 1) crop yield 
and yield components; 2) crop growth through leaf area and 
dry matter accumulation; 3) crop phenology; and 4) soil 
moisture availability. 
In this paper, SIMTAG is evaluated against actual field 
values and the magnitude of errors that may result from its 
use is assessed. There was no attempt to improve the model 
at this stage, however, that will be done in the next step. 
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MATERIALS AND METHODS 
The SIMTAG Model 
SIMTAG stands for Simulation Model for Triticum 
aestivum Genotypes. It has been developed through a 
cooperative project between the International Center for 
Agricultural Research in Dry Areas (ICARDA) at Aleppo, Syria 
and the University of New England at Armidale, NSW Australia 
(Stapper, 1984a,b). 
The starting point of SIMTAG was an early version of 
the wheat model CERES developed by Dr. J. T. Ritchie and 
associates of the USDA-ARS-AGRISTARS group at Temple, Texas 
(USA). SIMTAG simulates crops for nutrient nonlimiting 
conditions. It is based on physiological, ontogenetical, 
morphological, and physical principles, but these are not 
modeled at a process level. The model SIMTAG is organized 
into a main program and subroutines; i.e., climate, water 
balance, stages, canopy, and growth. Details about each 
subroutine are provided by Stapper (1984b). 
Model input summary 
Model input requirements can be summarized as follows: 
1. Climatic Data: -maximum temperature (°C) 
-minimum temperature (°C) 
-solar readiation (MJ/m^) 
-precipitation 
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2. Management Data: -cultivar 
-sowing date 
-sowing rate (plants/mf) 
-sowing depth (mm) 
-irrigation date and quantity 
(mm) 
3. Soil Data: -surface albedo (-1) 
-runoff curve number CN2 (-) 
-first stage soil evaporation 
constant U (mm) 
-drainage factor (mm/mm) 
-soil water withdrawal factor (-) 
-soil temperature factor (-) 
and the following information for each soil layer (water 
content as volume fraction): 
-layer thickness (L) (mm) 
-initial water content, SW (L) 
-'air dry' water content, SWAD (L) 
-lower limit of plant 
extractable water, SWLL (L) 
-drained upper limit, SWUL (L) 
-saturation water content, 
SWSAT (L) 
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4. Genetic Data; - photoperiod sensitivity, 
PPS(h"l) 
- critical photoperiod, PPC (h) 
- photothermal time from emergence 
to floral initiation, DPIA, 
anthesis, DP3 ("Cd) 
- vernalization sensitivity, VNS 
(-) 
- leaf appearance factor, PHF (-) 
- kernel growth factor, GGF 
(mg/'C/d/kernel) 
- kernel carrying-capacity 
(kernels/g DM) 
These data are fed to the model through five separate 
input files. Two files, parameters (FARMS) and climate 
(CLIMET), have to be set for each location. Location and 
crop management are stored in PARMS. The CLIMET file 
contains one or more years of daily weather data. The other 
three input files store information about cultivars 
(GENETS), soils (SOIL), and irrigation (IRRI). 
Model Outputs 
Important input and output data are summarized in 
output file WCROP (wheat crop). Water balance is summarized 
in output file WATER and crop growth and development are 
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summarized in output file WGROW. The output can be given 
for each day or for intervals of more than one day. 
Other intermediate results can be written in output 
file WLEAF for information about leaf growth and 
development, and in WTPIK for results related to the effects 
of photoperiod and vernalization on phasic development. 
Field Experiments 
In order to validate and evaluate SIMTAG for Moroccan 
semi-arid conditions, two-year field experiments were 
conducted at two sites in Morocco, Settat (33° NLat) and 
Jemaa Shaim (32.2° NLat). The experiments were carried out 
during the 1985-86 and 1986-87 growing seasons on 
Calcixerollic soil. At Settat, three water regimes were 
applied every year: 1) wet regime, which was irrigated to 
avoid stress conditions; 2) intermediate, in which one to 
two supplemental irrigations were applied; and 3) dryland 
regime, which received only rainfall. At Jemaa Shaim, only 
the dryland regime was used. During the 1985-86 growing 
season, the total amount of water received by each regime 
was as follows: wet regime - 436 mm, intermediate - 361 mm, 
Settat dryland - 286 mm, and Jemaa Shaim dryland - 279 mm; 
whereas in 1986-87 the same regimes received 538 mm, 368 mm, 
293 mm, and 202 mm, respectively. 
171 
Within each water regime, there were two bread wheat 
cultivars (early and medium maturing), two planting dates 
(early and late), and two nitrogen levels (0 and 60 kg ha~^ 
for dryland and intermediate and 0 and 100 kg ha~^ for wet 
regime). Each treatment was replicated three times in a 
split-plot design with planting dates as main plots and 
cultivar and nitrogen in subplots. Plot size was 8 X 10 m. 
However, the nitrogen factor was riot used in the model 
evaluation because SIMTAG does not have a nitrogen 
subroutine. 
Experimental details. 
Two hundred fifty grains m~^ were planted, and 
phosphorus (P) was applied at planting time at a rate of 45 
kg ha^lpgOg. Nitrogen (N) was applied in two times, 50% at 
planting time and 50% topdressed during mid tillering. 
Certrol H was used to control weeds (3 1 ha~^) during early 
tillering. Dithane M45 was used to control foliar diseases 
(200 g ha~^) during stem elongation. Furadan 5G was used at 
planting time (22 kg ha"^ to control hessian fly (Mavetiola 
destructor Say.). 
Grain yield was determined by harvesting an area of 
4 X 6 m within the plots. Straw yield and harvest index 
(HI) were determined on 1 m^ in each experimental unit. 
Spikes m~^ were measured in two adjacent 1-m rows before 
harvesting. Number of grains per spike and kernel weight 
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were determined from 30 spikes selected at random in each 
experimental unit before harvesting. Grains m"^ were then 
calculated as spikes m~^ X grains/spike. 
Leaf area was taken in two adjacent 0.5 m row samples 
and measured using the leaf area meter LI-3000 (Li-COR, 
Inc., Lincoln, NE). Sampling was done three to five times 
during the growing season. After the flag leaf stage 
(Feekes* Stage 9) the equivalent area from stem and spike 
was added to the leaf area as suggested by Stapper (1984a): 
stem height X base stem perimeter divided by 2. 
Dry matter was taken on four adjacent 0.5 m row samples 
three to five times during the growing season. Samples were 
oven dried for 48 hours at 70°C. Dry matter at harvest was 
taken on a l-mf sample. Dry matter and leaf area were taken 
in all replications at selected growth stages (early 
tillering, jointing, anthesis and physiological maturity). 
Dates of phenological development stages were recorded at 
emergence, jointing, heading, anthesis, and physiological 
maturity. A stage is recorded when 50% of the plot has 
reached that stage. 
Soil moisture was monitored regularly at main 
development stages using the Troxler neutron probe Model 
104. Readings were made at 0.15, 0.30, 0.60, 0.90, and 1.20 
m. Volumetric water content (8v) was calculated from 
calibration equations established by Watts and Troeh (1984). 
0v = 0.039 + 0.348 CR, where CR = minute counts/standard. 
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The total soil moisture content of the profile was 
determined by multiplying Gv by layer depth over 1.28 m. 
Model Validation and Evaluation 
Performance of SIMTA6 involved comparison of model 
outputs to field data gathered over two growing seasons. 
Methods described by Dent and Blackie (1979) and Otter et 
al. (1986) were applied to selected model outputs. 
Comparisons were made on grain yield, total above ground dry 
matter, grains m~^, spikes m"^, 1000-kernel weight, dry 
matter at anthesis, maximum green area index, total soil 
water content, and four major phenological stages; i.e., 
emergence, heading, anthesis, and physiological maturity. 
Simple regression analysis, chi-square, standard deviation, 
and graphical display were performed. 
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RESULTS 
Yield and Yield Components 
Model outputs concerning grain yield and major yield 
components, such as number of grains/m^, spikes , and 
kernel weight, were compared with field experiment results 
from each growing season and from the two years pooled 
together. Tables 1 to 4 show the results of these 
comparisons. 
When the two years were pooled the model overestimated 
grain yield on average by 3%, spike number m~^ by 33%, 
lOOO-kernel weight by 19%, and underestimated kernel number 
m"^ by 25% (Table 1). However, these results were different 
when each season was considered alone. In the 1985-86 
growing season, the model underestimated grain yield on 
average by 6%, kernel number by 18%, and kernel weight by 
3%, but overestimated spikes number by 61% (Table 2). 
Whereas in the 1986-87 growing season, it overestimated the 
grain yield by 7%, spikes m~^ by 19%, and kernel weight by 
29%, and underestimated kernel number m""^ by 29% (Table 3). 
Thus, the kernel number was always underestimated. 
The values obtained for two years pooled were 0.67 
for grain yield, 0.63 for kernel number, 0.48 for spikes 
number, and 0.01 for kernel weight (Table 4). In 1985-86 
they were, respectively, 0.62, 0.37, 0.63, and 0.17 (Table 
2), whereas in 1986-87 they were 0.77, 0.69, 0.75, and 0.02 
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Table 1. Comparison of standard deviations of the mean, and 
average bias between observed data and model 
ouputs for two growing seasons' pooled data 
. Ave. bias 
SDob SDE deviation 
Grain yield 12. 74 14. 20 - 2. 8 
Kernel number 4119. ,61 2344. 93 25. 1 
Spike number 70, ,03 92. 55 -32. 7 
Kernel weight 7. 76 6. 70 -18. 6 
Above ground dry matter 36. ,43 38. 58 12. 4 
Dry matter anthesis 206. 82 133. 50 7. 4 
Green area index 1. ,65 1. 67 -56. 9 
Soil moisture 31. 55 28. 76 — 2. 7 
^SDob = Standard deviation of observed data. 
^SDE = Standard deviation of predicted data. 
^Negative values indicate that the model is 
overestimating. 
Table 2. Testing goodness of fit of SIMTAG for several model outputs for the 1985-86 
growing season 
ta tb n RMSE 
Dev 
% 
Chi-
sguare 
Grain yield 
(kgha'^) 599.9 1.40 0.67 2.35* 16 0.62** 685.8 5.6 57** 
Above ground 
dry matter 
(kgha'^) -928.7 0.68 1.01 0.07 16 0.76** 1646.5 8.0 78** 
Kernel number 
(m'Z) 3100.7 3.11** 0.33 5.58** 16 0.37* 1369.5 18.1 34143** 
Spikes number 
(m* ) - 19.8 0.27 1.70 2.05 16 0.63** 61.0 -61.2 726** 
1000 kernel 
weight (g) 20.6 1.69 0.49 1.75 16 0.17 5.8 2.9 15** 
Dry matter 
anthesis 
(kgha"^) 3967.2 3.83** 0.24 5.07** 16 0.15 1015.4 11.6 1011** 
Maximum green 
area indes 4.0 5.00** 0.43 3.00** 16 0.27* 1.3 -77.8 15** 
ta = a - 0 a ± 0 
MSE3 
tb = b - 1 a ± 1 
MSEb 
Observed - Estimates x 100; negative values indicate model is 
Observed overestimating. 
* Significant at 0.05 probability level. 
** Significant at 0.01 probability level. 
Table 3. Testing goodness of fit of SIMTAG for several model outputs for the 1986-87 
growing season 
ta tb n 
Dev. Chi-
RMSE % square 
Grain yield 
(kgha"^) - 454.6 1.49 1.30 2.31* 32 0.77** 822.8 - 7.0 72** 
Above ground 
dry matter 
(kgha"') -1118.3 2.18* 1.03 0.50 32 0.90** 1385.1 14.6 152** 
Kernel number 
(m'^) 1086.2 2.07* 0.49 8.64**32 0.69* 1573.4 28.6 91297* 
Spikes number 
(m"^) 64.2 2.87** 0.85 1.87 32 0.75** 40.6 -18.5 300* 
1000 kernel 
weight (g) 39.0 6.34** 0.13 4.88**32 0.02 7.2 -29.3 108* 
Dry matter 
anthesis 
(kgha'i) 1360.5 2.60* 0.69 0.34 24 0.74** 851.6 4.6 486* 
Maximum green 
area index 1.1 2.32* 0.98 0.15 20 0.75** 0.9 -40.3 
Legend: 
ta = a - 0 a ± 0 
MSB, 
tb = b - 1 b ± 1 
MSEb 
Dev = Observed - Estimated x 100: negative values indicate model is 
Observed overestimating. 
* Significant at 0.05 probability level. 
** Significant at 0.01 probability level. 
Table 4. Testing goodness of fit of SIMTAG for several model outputs over two 
growing seasons 
ta tb n 
Chi-
RMSE square 
Grain yield 
(kgha'T) -8.3 3.00** 1.00 0.00 48 0.67** 884.2 129** 
Above ground 
dry matter 
(kgha"^) -1087.2 2.23* 1.09 0.33 48 0.87** 1441.3 230** 
Kernel number 
(m'^) 1491.4 3.20** 0.47 10.60**48 0.63** 1541.9 125440** 
Spikes number 
(m'^) 92.8 3.00** 0.84 1.23 48 0.48** 65.0 1028** 
1000 kernel 
weight (g) 39.2 7.95** 0.10 6.97**48 0.01 6.9 123* 
Dry matter 
anthesis 
(kgha'^) 2139.3 4.18** 0.54 5.75** 40 0.54** 983.4 1497* 
Maximum green 
area index 2.3 4.76** 0.74 2.00* 36 0.50** 1.2 23* 
Total soil 
moisture 
content(mm) 78.6 4.23** 0.77 3.83** 69 0.71** 15.5 183** 
Legend: 
ta = a - 0 a ± 0 
MSE. 
tb = b - 1 b ± 1 
MSEb 
* Significant at 0.05 probability level. 
** Significant at 0.01 probability level. 
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(Table 3). Except for kernel weight, all were highly 
significant. 
Table 1 shows standard deviations of the means of the 
two sample populations observed and estimated. Except for 
kernel number m~^, standard deviations of observed and 
estimated populations are similar, meaning that the two 
sample populations were similar. 
Using simple regression analysis, there will be a 
perfect fit between the estimated and observed values if the 
intercept (a) of the regression equation is not 
significantly different from zero, and at the same time the 
regression coefficient (b) is equal to 1. Hypotheses tested 
are b^l and a^O and t-test was used. Tables 2 to 4 present 
the T test results. From these tables one can infer that 
grain yield regression coefficient was perfectly equal to 1, 
even though the intercept was significantly different from 
zero. Finally, the chi-square test was used to test lack of 
fit for all traits studied. The values show an overall 
lack of fit. 
Figures 1 to 4 show the graphical display of estimated 
grain yields and yield components compared to observed data. 
From these figures, it can be inferred that for grain yield 
(Fig. 1), the model is not too far from the observed data, 
especially below 4,000 kg ha~^, even though it overestimated 
yields under irrigated conditions (yields > 4,000 kg ha~^). 
For grains m"^ (Fig. 2), the model is far away from the 
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real world data except at low values (below 7,000 grains 
m"^). The opposite is observed for spikes (Fig. 3) 
there was a good fit between 200 and 300 spikes 
Finally, for kernel weight the model output was really far 
away from field data (Fig. 4). 
Dry Matter and Maximum Green Area 
Tables 1 to 4 compare model outputs to observed data 
for total above ground dry matter, dry matter at anthesis, 
and maximum green area index. The mean bias of estimating 
these attributes are 12, 7, - 57% (Table 1); 8, 12, -78% 
(Table 2), and 15, 5, and -40% (Table 3), respectively, for 
two pooled years, the 1985-86 and 1986-87 growing seasons. 
Thus, the model consistently underestimated dry matter, but 
largely overestimated green area index. Table 2 presents 
the standard deviation of the mean of the two sample 
populations. The data shows a similarity between observed 
and estimated for total above ground dry matter and for 
green area index. values for two years were 0.87, 0.54, 
and 0.50 (Table 4), respectively, for total above ground dry 
matter, dry matter at anthesis, and green area index. These 
values were highly significant. The t-test indicates 
that regression coefficient (b) for above ground dry matter 
was not significantly different from one. Chi-square test 
shows a lack of fit for the three attributes. 
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The graphical displays of estimated versus observed 
data for total above ground dry matter, dry matter at 
anthesis, and maximum green area index are present in Figs. 
5 to 7. Figure 5 shows that the model underestimates total 
dry matter at intermediate levels (7000 - 9000 kg ha"^). 
The model estimates dry matter at anthesis very well below 
7,000 kg ha~^ but the data are scattered above 7,000 kg ha"^ 
(Fig. 6). Finally, Fig. 7 shows a large scattering of data 
for green area index. 
Examples of time course comparisons between observed 
and model predicted values for above ground dry matter and 
green area index are presented in Figs. 8a, 8b, 9a and 9b. 
For above ground dry matter, it was well predicted at any 
time under irrigated conditions (Fig. 8b) but underestimated 
under dryland regime (Fig. 8a) after 83 days from emergence. 
Whereas for green area index (Figs. 9a, 9b), it was 
overestimated from days 70 to 120 under irrigated regime, 
but underestimated after 83 days under dryland regime. 
Phenological Development 
Model outputs were compared to field data for four 
major development stages; i.e., emergence, heading, 
anthesis, and physiological maturity. Emergence data were 
estimated very well with only one-day-average bias (Table 
5). Anthesis and physiological maturity dates were 
predicted with a one-week bias. Anthesis was predicted 
16000 
# # 
8000 
"D 
T3 # # #  Y = -1087.2 + 1.09X 
R2 = 0.87 
n = 48 
4000 
•o 
3000 6000 12000 9000 15000 
Observed Total dry matter (kg ha-i) 
Fig. 5. Comparison between observed and model predicted 
total above ground dry matter in 1985-86 and 
1986-87 cropping seasons at Settat (33° N Lat), 
and Jemâa Shaim (32.2° N Lat), Morocco 
_10000 
I 
(d SI 
S 
(O 
'<0 
0) 
s 
c 
CO 
i 
E 
"O 
T3 
I 
T3 
0) 
8000 -
6000 - • • 
• • 
Y = 2139.3 + 0.54X 
R2 = 0.54 
n = 40 
4000 -
• • 
2000 
2000 
1 JL 
4000 6000 8000 10000 
Observed dry matter anthesis (kg ha-i) 
12000 
Fig. 6. Comparison between observed and model predicted dry 
matter at anthesis in 1985-86 and 1986-87 cropping 
seasons at Settat (33° N Lat), and Jemâa Shaim (32.2° 
N Lat), Morocco 
Y = 2.3 + 0.74X 
R2 = 0.50 
n = 36 
L_! I 1 
0 2 4 6 8 
Observed green area index (m^/m^) 
Fig. 7. Comparison between observed and model predicted 
maximum green area index in 1985-86 and 1986-87 
cropping seasons at Settat (33° N Lat), and Jemâa 
Shaim (32.2° N Lat), Morocco 
(Q 
g 
1 
E 
T3 
C 
3 
i, 
I < 
7500 
6000 
4500 
3000 
1500 
Predicted 
Observed 
1 
83 93 103 118 122 
Days from emergence 
Fig. 8a. Time course comparison between observed and model 
predicted above ground dry matter for Potam under 
dryland regime late planting in 1986-87 at Settat 
(33° N Lat), Morocco 
15000 
« 12000 
I 9000 
E 
>% 
•O 
•a 
c 
u 
9 
D) 
I 3000 
§ 
6000 
0 
Predicted 
—— Observed 
: 
• y 
yy 
// 
-J 1 1 1 1 1 1 
0 
Fig. 8b. 
46 62 70 83 93 103 118 127 
Days from emergence 
Time course comparison between observed and model 
predicted above ground dry matter for Potam under 
irrigated regime late planting in 1986-87 at Settat 
(33° N Lat), Morocco 
CM 
E 
% 
S) 
*a 
c 
CO 
2 
CO 
c Q> 
2 
0 
Predicted 
— Observed 
46 52 
H 
VO 
Fig. 9a. 
93 103 118 122 146 
Days from emergence 
Time course comparison between observed and model 
predicted green area index for Potam under dryland 
regime late planting in 1986-87 at Settat (33° N 
Lat), Morocco 
6.4 
— Predicted 
— Observed 
o 
c 3.2 
cd S> 
CO 
c 
0 S> 1.6 -0 
0.0 
0 46 52 70 83 93 103 118 127 
Days from emergence 
Fib. 9b. Time course comparison between observed and model 
predicted green area index for Potam under irrigated 
regime late planting in 1986-87 at Settat (33° N 
Lat), Morocco 
196 
Table 5. Comparison of model estimated major growth stage 
dates (days) with observed growth stage dates from 
two growing seasons (1985-86 and 1986-87) 
Number of 
Deviation observa-
Stage Feekes' 
stage 
Ave. Min. Max. Standard tions 
Emergence 1.0 1.1 — 5.0 6.0 3.9 22 
Heading 10.3 -13.7® -28.0 -2.0 8.5 16 
Anthesis 105.4 - 7.3 -18.0 1.0 4.9 14 
Physio­
logical 
maturity 11.3 8.1 - 2.0 21.0 6.5 21 
^Negative values indicate late predictions. 
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later and physiological maturity was predicted earlier than 
observed. The largest bias was a two-week late prediction 
for heading date. 
Soil Moisture 
Model output for total soil moisture content under the 
cultivar Nasma was compared to observed data over two years 
and at different times from planting to harvesting. Results 
presented in Tables l and 4 indicate that on average, the 
model overestimated soil moisture content by 3%, with an 
value of 0.71, which was highly significant. Standard 
deviations of the mean in Table 1 indicate that the two 
sample populations; i.e., observed and estimated, are 
similar. However, the t-test and chi-square test showed 
significant lack of fit. It seem that the model estimates 
soil moisture well, except for few data (Fig. 10). Time 
course comparison between predicted and observed values of 
soil moisture with time is presented in Figs. 11a and lib. 
In general there was good fit between the two sample 
populations. 
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DISCUSSION 
In this study, the SIMTAG wheat model was evaluated by 
comparing model outputs to observed field experimental data 
for two cropping seasons, 1985-86 and 1986-87, for many 
parameters, such as yield and yield components, dry matter 
and green area index, phenological stages, and soil moisture 
content. The model is very sensitive to varying 
environments (two years, two sites), agronomic practices 
(sowing date, irrigation), and genotypes (early, medium 
maturing). The model simulated yields in the range from 500 
kg ha"^ to 5,800 kg ha"^, and in better conditions it can 
simulate yields of 8,000 kg ha"^ (unpublished data), whereas 
the observed data ranged from 300 kg ha~^ to 5,200 kg ha"^ 
(Table 6). 
Results presented in this evaluation indicate that many 
conflicting conclusions might be drawn, depending on the 
criteria used to validate the model, which is in accord with 
other model workers' findings (Otter et al., 1986; Whisler 
et al., 1986; Van Keulen and Seligman, 1987; and Dent and 
Blackie, 1979). The average bias was computed as observed 
minus estimated values divided by observed X 100. SIMTAG 
performance was excellent for many attributes under our 
boundary conditions. Grain yield, total above ground dry 
matter, and dry matter at anthesis were predicted with 3, 
12, and 7% average bias, respectively, over two growing 
seasons. 
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Table 6. Example of SIMTAG output for grain yield (kg ha~ ) 
compared to observed yield under different crop 
managements over the 1985-86 and 1986-87 cropping 
seasons 
1985-86 1986-87 
Observed Predicted Observed Predicted 
SETTAT f33'Nl 
Potam 
Wet D, 5160 3980 3968 4600 
°2 4890 4000 3412 4280 
Inter-D, 2500 1900 2516 1720 
mediate 
Dn 3920 1590 2211 1900 
Dryland D, 2230 1900 1303 1390 
Dg 2520 1590 2161 1330 
Nasma 
Wet D, 4530 4450 3479 5800 
^2 3690 4480 3194 5090 Inter- D, 3170 2320 2383 1990 
mediate 
Dg 2260 2120 1788 2430 
Dryland D, 2610 2320 2345 1490 
^2 1400 1800 1306 1500 
JEMAA SHAIM f32.2'Nl 
Potam D, 1810 1830 617 570 
Da 1840 1610 628 590 
Nasma D, 1530 2010 268 580 
=2 1100 1720 368 580 
Mean 2823 2476 2081 2242 
SD 1273 1075 1152 1697 
Legend: = early planting. 
D, = late planting. 
SD = standard deviation. 
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Moreover, comparison of standard deviations of observed and 
estimated values were similar, meaning that the two sample 
populations were in similar ranges. However, yield 
components were predicted with larger deviations from 
observed data, usually greater than 20%. Spikes number/m^ 
had the highest deviation even though standard deviations 
were similar for observed and estimated values. Maximum 
green area was usually overestimated, and discrepancies 
between observed and estimated values were very large. This 
discrepancy might be due to tiller dynamics prediction. 
SIMTAG predicts buildup of tiller number and the decline 
prior to anthesis. It assumes that there will be no plant 
death, i.e., spikes m~^ cannot be less than plant 
population. However, this assumption is not necessarily 
valid in all conditions. Furthermore, an over-estimation of 
tiller (or main stem) number will automatically cause over-
estimation of green area index. Soil moisture and 
phenological stages were reasonably estimated. This last 
result is very important because matching phenological 
stages and soil moisture is crucial for a valid run. 
Regression analysis confirmed that grain yield and 
total dry matter were reasonably estimated with regression 
coefficients almost equal to unity. However, large 
discrepancies were shown for other evaluated parameters. 
The values obtained in this study were similar to or 
higher than reported by Stapper (1984a) for the same model. 
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Kernel weight and green area had the largest discrepancies 
between observed and estimated values. Stapper (1984a) has 
reported the same results for green area index. 
Discrepancies reported herein for many evaluated 
attributes might be due to three sources of error: 
1) Errors inherent to input data. Input data 
quality is very crucial for reliable outputs (Whisler et 
al., 1986; Stapper, 1986). In this study, genotypes used 
were weakly characterized because of lack of data. Indeed, 
grain growth characterization was drawn only from a one-year 
study. Moreover, the double ridge stage date for the two 
cultivars studied was not known. Soil heterogeneity is 
another example of input errors. 
2) Errors inherent to field data. Many errors are 
inherent to gathered field data; i.e., errors in sampling, 
heavy diseases or pests in the crops, or methods used to 
measure the parameters. 
3) Errors inherent to the model. Green area and 
spike number per square meter are a weak link in SIMTAG. A 
better calibration is needed under Moroccan semi-arid 
conditions. 
Crop simulation models can never simulate perfectly the 
real world as can chemical or physical models. Yet, crop 
processes are not isolated and are very complex phenomena 
and probably can never be fully described in a mathematical 
model because of lack of knowledge, as well as because of 
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the extreme complexity of processes organization, as stated 
by Van Keulen and Seligman (1987). Moreover, the model 
evaluation described here must be seen in perspective 
because validation data were collected over only two 
cropping seasons which were very different in rainfall and 
temperature patterns, and for only two sites and one soil 
type. Thus, data for a wider area is needed for reliable 
validation. Yet, evaluation is not a simple or 
straightforward task under extreme climatic variation in 
semi-arid regions, as reported by Van Keulen and Seligman 
(1987). Finally, model evaluation is an integral part of 
model building and use. Models must be built with the 
knowledge that they will be modified during evaluation and 
use. Whisler et al. (1986) stated that "...validation of a 
crop model is never completely accomplished. Crop models 
are just working hypotheses". 
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CONCLUSIONS 
The SIMTAG model, the sub]ect of this study, has been 
developed for simulating wheat crop under Mediterranean 
environment. It showed potential use in Moroccan semi-arid 
regions. It was sensitive to different environmental 
conditions, varying practices, and different genotypes. 
However, it needs to be improved to decrease discrepancies 
observed between field data and model outputs, especially 
for green area, spike number m~^, and kernel weight. This 
study indicated that a model evaluation cannot be reliable 
unless genotypes are well characterized in their response to 
environmental conditions. Despite these problems, SIMTAG 
predicted very well phenological stages and soil moisture, 
and grain yield and above ground dry matter reasonably well. 
Finally, SIMTAG can be used to test new research hypotheses 
and determine knowledge gaps in wheat production under 
Moroccan semi-arid conditions. In addition, it can help 
derive programs and possibilities for improving wheat yield 
in the region. 
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SUMMARY AND CONCLUSIONS 
Semi-arid and arid regions in Morocco (200 to 400 mm 
rainfall/year) concern 87% of arable lands, 59% of land 
reserved to cereals and produce 55% of the country's total 
cereal production. However, these regions face severe water 
deficits with a high risk of drought occurrence over years 
and within a year. High temperatures during cereal grain 
filling and shallow calcareous soils aggravate the lack of 
soil moisture. These environmental characteristics limit 
cereal yields which are low and highly irregular. 
Nevertheless, the potential of increasing cereal yields does 
exist. 
The research presented herein was devoted to 
understanding cereal crop interactions with the environment 
under semi-arid and arid conditions; i.e., a study of the 
response of small grain cereals (bread and durum wheats, and 
barley) to varying soil moisture environments. The primary 
objective of this research was to increase and stabilize 
wheat and barley yields in semi-arid and arid regions of 
Morocco. Specific objectives were: 1) to evaluate the 
yield potential of widely used wheat and barley cultivars by 
Moroccan farmers under different soil moisture conditions; 
2) to understand how different cultivars behave under water 
stress and how they adapt to dryland conditions, and finally 
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3) how to manage different cultivars with varying available 
moisture. 
Paper I examined the accumulation of 1-
(Malonyloamino)cyclopropane-l-carboxylic acid (MACC) in four 
water-stressed wheat and barley cultivars under controlled 
environments. These cultivar were bread wheat 'Nasma', 
durum wheat 'Keyperounda' and 'Cocorit' and 6-row barley 
'Arig 8'. MACC accumulated in all four cultivars and 
remained at high levels even after a long period of water 
stress relief. In general, durum wheat accumulated higher 
levels of MACC followed by barley and finally by bread wheat 
Nasma. The values for MACC agreed with the expected 
characteristics of the cultivar and stress treatments. This 
implies that the potential exists to use MACC as a water 
stress history index in comparative studies. One of the 
problems with the use of MACC as a diagnostic method was 
identified. Older leaves below the flag leaf, when water 
stressed, may die and fall from the plant and thereby remove 
much of the accumulated MACC. Finally, the method for MACC 
is lengthy and contains steps which increase variability in 
the results. Simplified procedures and use of HPLC to 
measure MACC are under investigation in collaborative 
research with the University of Cady Ayad, Marrakech, 
Morocco. 
Papers II and III examined the performance of seven 
wheat and barley cultivars under six different soil moisture 
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regimes in the field. Grain yield stability, grain yield 
and yield-components relationships, water-use efficiency, 
growth efficiency and water relationships were investigated. 
Cultivars used were bread wheat 'Potam', Nasma and 
'Florelle', durum wheat Keyperounda and Cocorit, six-rowed 
barley 'Arig 8* and two-rowed barley 'ACSAD 60'. 
Results, presented in Paper II, showed that cultivars 
behaved differently under different water regimes. There 
were no clear-cut species effects, but rather cultivar 
effects were predominant. Based on three indices; 1) 
regression coefficient (slope b), 2) regression intercept 
(a), and 3) drought susceptibility index(S) it was concluded 
that Nasma, ACSAD 60 and Potam were more drought resistant 
and more stable, whereas Cocorit, Keyperounda, Florelle and 
Arig 8 were more susceptible to drought conditions. Stable 
and drought resistant cultivar maintained a yield advantage 
in poor environments by maintaining higher number of grains 
m~^ through more spikes m"^ and a high harvest index. This 
implies that improved and stabilized cereal yield under 
dryland conditions might be achieved through techniques that 
would allow increased harvested grains m~^ and enhanced 
mobilization of available source materials to grains. 
Finally, an interesting result was that S was correlated 
neither to potential yield (under irrigation) or to yield 
under dry conditions. 
This indicates that a drought resistance and high potential 
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yield may be combined in improved wheat and barley 
cultivars. 
Results presented in Paper III indicated that to 
improve yield and dry matter production in the environments 
studied water use (ET) had to be increased through improving 
water extraction from deep horizons. A maximum of this ET 
should be oriented to crop transpiration by minimizing soil 
water evaporation especially early in the season by 
obtaining early rapid growth and ground cover. Cultivars 
reaching anthesis no later than the first week of March 
could perform well. They should have maximum green area 
index between 3 and 5. Amount of dry matter at anthesis 
should match water availability, and 4,000 to 6,000 kg ha"^ 
should be enough to efficiently use the semi-arid 
environments. Cultivars Nasma, Potam and ACSAD 60 were the 
most efficient in water use, growth and solar radiation 
absorption. This confirmed results of Paper II. Finally, a 
promising result was that an infrared thermometer is a 
useful tool in physiological studies and perhaps for 
cultivar selection in arid and semi-arid environments. 
Indeed, there was a strongly negative and highly significant 
linear relationship between cultivar grain yield and 
difference between canopy and ambient air temperature 
(R^ = 0.75). 
Paper IV examined the potential use of a wheat crop 
model in Moroccan environments. The wheat model evaluated 
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was SIMTAG (Simulation of Triticum Aestivum Genotypes). 
This model was derived from an earlier version of Ceres-
wheat model developed by Ritchie and co-workers in the USA, 
and has shown considerable promise as a tool for predicting 
wheat crop growth and yield responses to stressful 
Mediterranean environments. SIMTAG showed potential use in 
Moroccan semi-arid and arid regions. It was sensitive to 
different environmental conditions, to varying cultural 
practices and to different genotypes. However, it needs to 
be improved to decrease discrepancies between field data and 
model predictions, especially for green area, spikes number 
m~^ and kernel weight. Despite these problems, SIMTAG 
predicted phenological stages, soil moisture content, grain 
yield and above ground dry matter reasonably well. Finally, 
it appears that SIMTAG can be used with confidence to test 
new research hypotheses and determine knowledge gap in wheat 
production in Morocco. In addition, it might help derive 
programs and possibilities for improving wheat yields in the 
region. 
Ramifications 
Potential for increasing and stabilizing wheat and 
barley yields in Moroccan dryland regions is real and 
sustained progress can be made in identifying and solving 
problems that limit crop production. Cultivars such as 
Potam, Nasam and ACSAD 60 have a wide adaptation and they 
will give acceptable yields under very dry conditions. 
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Cocorit and Arlg 8 should be grown in more favorable 
environment, though Arig 8 might lodge at higher moisture 
levels (500 mm). Keyperounda and Florelle should be 
eliminated, even though Keyperounda is well appreciated by 
farmers for its grain quality. A corollary to these 
recommendations, is that breeders develop cultivars 
resistant to diseases such as septoria and rusts, and to 
insects', especially hessian fly fMavetiola destructor Say.). 
Traits that confer drought resistance to Potam is probably 
earliness to heading and flowering, and to ACSAD 60 
earliness in maturing. For Nasma more research is warranted 
to determine precisely the attributes that convey drought 
resistance to this cultivar. Area of research that should 
be investigated concerns wax accumulation. Indeed, Nasma 
leaves show blue whitish color under water and heat 
stresses. Another route relates to MACC accumulation and 
metabolism in relation to ethylene production and vegetative 
growth pattern. Is there any relation between MACC 
accumulation, ethylene production and leaf shedding under 
drought conditions? 
Moreover, more research is warranted on early 
vegetative growth patterns, as well as, on the balance 
between dry matter production and water use at different 
growth stages. Grain-filling strategies that genotypes 
develop under drought conditions is another area where 
research might have high returns. Furthermore, more work 
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should be oriented to modeling. Models are powerful tools 
for definition of research needs, monitoring crop 
management, definition of breeding strategies, large area 
yield forecasting and helping in risk analysis for strategic 
planning. 
Finally, there is no doubt that such research programs 
will lead to high potential returns in terms of stabilized 
and Increased cereal crop production in Morocco. It remains • 
to ensure the coordination and integration of sensible 
approaches and to develop the will to carry out the tasks. 
This research will be most efficient if it were organized on 
a long term and long scale interdisciplinary basis where 
agronomists, plant physiologists, breeders, pathologists, 
and social scientists are interacting continuously. 
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APPENDIX: PHYSIOLOGICAL ATTRIBUTES 
Table Al. Solar radiation absorption (MJm*^) in 1986-87 
Up to 50 Emergence - anthesis Emergence - physio-
days after Dry- Inter- logical maturity 
emergence land mediate Wet Dryland Inter. Wet 
Potam 43.3 165.8 242.0 281.8 291.0 414.3 501.0 
Nasma 43.3 185.7 261.9 278.5 337.0 482.7 572.9 
Florelle 51.0 298.5 361.3 377.0 636.0 651.1 730.3 
Keyperounda 40.8 212.1 318.1 369.1 • 339.0 513.2 638.9 
Cocorit 35.7 184.6 310.2 329.9 226.0 455.8 496.3 
Arig 8 58.6 345.6 373.1 373.1 713.0 670.7 680.7 
ACSAD 60 94.3 333.8 341.6 357.4 559.0 622.2 r 650.5 
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Table A2. Some physiological attributes, an average of 
several measurements, under dryland regime in 
1986-87 at the pre-anthesis period of the crop 
life cycle 
DRYLAND 
Pre-anthesis 
Ct At vii> J 
Potam 25.3 -3.1 -0.49 -1.44 1.34 15.89 
Nasma 24.6 —2.6 -0.79 -1.63 1.11 14.76 
Florelle 26.7 -2.1 -0.79 -1.85 0.58 9.49 
Keyperounda 26.7 -1.9 -0.28 -1.76 0.97 12.22 
Cocorit 24.9 -3.0 -0.47 -1.64 0.91 12.96 
Arig 8 26.1 -2.2 -0.34 -1.70 0.55 9.69 
ACSAD 60 26.5 —2.6 —0.50 -1.82 0.52 8.73 
G(s) = Stomatal conductance (ms"^). 
J = Transpiration (iig cm~^s~^). 
= Canopy temperature (°C). 
At = Difference between canopy and air temperature (°C). 
= Predawn leaf water potential (MPa). 
HTJ, = Midday leaf water potential (MPa). 
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Table A3. Some physiological attributes, an average of 
several measurements, under dryland regime in 
1986-87 at the anthesis period of the crop life 
cycle 
Drvland 
At anthesis 
Ct At P^ J 
Potam 31.4 -1.3 -0.51 -1.75 0.65 13.14 
Nasma 32.1 -0.7 -0.34 -1.48 0.25 8.99 
Florelle 36.8 0.2 -1.85 -2.17 0.37 5.77 
Keyperounda 27.8 0.8 -1.79 -2.20 0.16 3.68 
Cocorit 30.3 -0.9 -0.32 -1.45 0.24 8.18 
Arig 8 18.6 -1.3 -0.20 -1.62 0.47 8.79 
ACSAD 60 16.7 -1.3 -0.12 -1.51 0.42 7.21 
G(s) = Stomatal conductance (ms~^). 
J = Transpiration (/ig cm~^s~^). 
= Canopy temperature (°C). 
At = Difference between canopy and air temperature (°C). 
= Predawn leaf water potential (MPa). 
KTI> = Midday leaf water potential (MPa). 
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Table A4. Some physiological attributes, an average of 
several measurements, under dryland regime in 
1986-87 at the post-anthesis period of the crop 
cycle 
Dryland 
Post-anthesis 
Ct At P^ M^ J 
Potam 25.6 1.4 
o
 
0
 
H
 1 -1.51 0.29 6.66 
Nasma 22.4 -1.1 1 H
 
O
 
O
 0
 
H
 1 0.19 . 5.95 
Florelle 27.6 -1.1 -2.02 
00 CO ÇJ 0.30 6.35 
Keyperounda 34.8 1.2 -1.64 -2.70 0.40 6.30 
Cocorit 25.4 -0.5 -1.13 
o
 
CO H
 0.32 5.82 
Arig 8 25.4 -0.4 -1.28 -2.07 0.34 5.52 
ACSAD 60 25.8 -1.7 -1.88 -2.41 0.15 3.30 
G(s) = Stomatal conductance (ms"^). 
J = Transpiration (/ig cm"^s~^). 
= Canopy temperature (°C). 
At = Difference between canopy and air temperature (°C). 
P0 = Predawn leaf water potential (MPa). 
= Midday leaf water potential (MPa). 
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Table AS. Some physiological attributes, an average of 
several measurements, under irrigated regime in 
1986-87 at the pre-anthesis period of the crop 
life cycle 
Irrigated 
Pre-anthesis 
Ct At PiA M^ J 
Potam 23.0 —4.5 -0.50 -1.77 1.66 21.42 
Nasma 22.0 -4.7 —0.76 -1.40 2.16 27.51 
Florelle 21.7 -4.3 -0.40 -1.41 1.18 18.66 
Keyperounda 21.8 -4.7 -0.23 -1.57 1.53 24.86 
Cocorit 21.9 -5.0 -0.41 -1.67 2.02 25.95 
Arig 8 22.5 —4.6 -0.29 -1.80 1.15 20.11 
ACSAD 60 22.4 -5.1 —0.45 -1.71 1.06 15.61 
G(s) = Stomatal conductance (ms"^). 
J = Transpiration {fig cmT^s"^). 
= Canopy temperature (°C). 
At = Difference between canopy and ambiant air temperature 
(•C). 
= Predawn leaf water potential (MPa). 
= Midday leaf water potential(MPa). 
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Table A6. Some physiological attributes, an average of 
several measurements, under irrigated regime in 
1986-87 at the anthesis period of the crop life 
cycle 
Irrigated 
Anthesis 
Ct At P^ M^ J 
Potam 24.2 -4.8 -0.41 -1.69 0.80 16.13 
Nasma 23.6 —6.4 —0.46 -1.82 1.49 29.14 
Florelle 31.9 -5.1 -1.08 -2.44 0.59 7.97 
Keyperounda 24.4 -3.1 -0.73 -1.61 0.67 9.96 
Cocorit 22.9 -5.8 -0.29 -2.04 1.59 33.62 
Arig 8 25.0 —6.3 -0.14 -1.04 0.50 12.13 
ACSAD 60 27.5 -3.8 -0.14 -1.35 0.48 11.17 
G(s) = Stomatal conductance (ms~^). 
J = Transpiration (jug cm~^s~^). 
= Canopy temperature (°C). 
At = Difference between canopy and air temperature (°C). 
= Predawn leaf water potential (MPa). 
= Midday leaf water potential (MPa). 
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Table A7. Some physiological attributes, an average of 
several measurements, under irrigated regime in 
1986-87 at the post-anthesis period of the crop 
life cycle 
Irrigated 
Post-anthesis 
Ct At m J 
Potam 23.7 -2.4 
H
 
to 0
 1 -1.41 0.36 7.87 
Nasma 22.2 -2.6 -0.61 1 H
 
W
 0.44 8.61 
Florelle 26.4 -2.2 -1.29 1 to
 
H
 
0.41 8.01 
Keyperounda 28.0 -2.5 -1.03 -2.07 0.40 6.53 
Cocorit 22.4 -3.5 -0.61 -1.04 0.53 10.05 
Arig 8 20.8 -2.7 -0.61 -1.46 0.39 6.30 
ACSAD 60 20.6 -2.7 -0.79 -1.25 0.49 8.31 
G(s) = Stomatal conductance (ms"^). 
J = Transpiration (/i cm"^s~^). 
Cj. = Canopy temperature (°C). 
At = Difference between canopy and air temperature (°C). 
= Predawn leaf water potential (MPa). 
= Midday leaf water potential (MPa) . 
